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AN ANALYSIS OF THE PERFORMANCE OF AN ULTRA-HIGH- 
TEMPERATURE MILK STERILIZING PLANT 


IV. COMPARISON OF EXPERIMENTAL AND CALCULATED SPORICIDAL 
EFFECTS FOR A STRAIN OF BACILLUS STEAROTHERMOPHILUS 


By H. BURTON, J. G. FRANKLIN, D. J. WILLIAMS, HELEN R. CHAPMAN, 
A. JEAN, W. HARRISON anon L. F. L. CLEGG 


National Institute for Research in Dairying, Shinfield, Reading 
(Received 23 February 1959) 
(With 3 Figures) 


A method of calculating the sporicidal efficiency of an ultra-high-temperature (U.H.T.) 
sterilizing plant from physical measurements of time and temperature and from laboratory 
bacteriological determinations has already been described (1, 2). The application of the 
method has also been illustrated by reference to the results obtained with suspensions 
of spores of the mesophile, Bacillus subtilis (3). Finally, comparable results for the highly 
heat-resistant spores of a strain of the thermophile B. stearothermophilus are given here. 


SPORICIDAL EFFICIENCY OF THE PLANT 


Spores were obtained from a strain of B. stearothermophilus (TH 24—N.1.R.D. stock culture) 
by a method similar to that described by Williams, Franklin, Chapman & Clegg (4), but 
with incubation at 55° C. A 20 gal. quantity of whole raw milk, inoculated with spores 
to give a concentration of about 10® spores/ml. as previously described (5), was used for 
each experiment. The initial thermophilic spore content of the inoculated raw milk was 
determined after heating samples at 100° C. for 30 min. to activate the spores. Dilution 
counts were made in autoclaved litmus milk and in milk previously sterilized at 140° C. in 
the U.H.T. plant; colony counts were made using a medium specially suited to spores 
(BS medium 6, 4)). ’ 

Plant operating temperatures of 130-5, 132-0, 133-5, 135-0 and 138-0° C. were used, a 
milk sample of approximately 2 1. being collected aseptically in a 101. aspirating jar to 
represent each treatment. Surviving spores were estimated by dilution counts in U.H.T.- 
treated milk, and in some cases also by colony counts in BS medium. 

Plates were incubated at 55° C. for 2 days before counting. Dilutions were incubated 
at 55° C. for 7 days before examination. As growth of the test organisms produced no 
marked visual change in U.H.T.-treated milk, it was necessary to examine all flasks and 
tubes in the dilution counts microscopically. Positives were confirmed by streaking on 
BS medium. Dilution counts were enumerated by reference to probability tables (6). 

The results of these experiments are given in Table 1. 
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LABORATORY THERMAL DEATH DATA 


Thermal death curves were obtained for B. stearothermophilus TH 24 spores heated in 
U.H.T.-treated milk. Temperatures of 110-0, 115-0, 120-0 and 125-0° C. were investigated, 
using the capillary tube method described by Franklin et al. (7). Survivors were estimated 
by colony counts in BS medium and by dilution counts in v.H.T.-treated milk. The heated 
spores failed either to germinate or grow in the v.u.T.-treated milk, and the laboratory 
results given in Fig. 1 are therefore obtained from the colony counts alone. 


Table 1. The effectiveness of an ultra-high-temperature milk sterilizing plant at different 
operating temperatures, for Bacillus stearothermophilus TH 24 spores in milk 
Counts of spores/ml. 


Untreated milk 
A Mean proportion of 
Dilution counts in Treated milk survivors* 
— 

Operating Auto- Dilution Dilution 

temp. claved counts in counts in 
of plant Date of litmus U.H.T. Colony u.H.t. Colony U.H.T. Colony 
(°C.) exp. milk milk counts milk counts milk counts 


130-5 10. xii. 57 7-0x108 <2x108 1-19 x 10° 16-0 
130-5 17.1.58 113x108 <2x108 1:13 x 10° 11-0 1-12 x 10-5 


2-78 x 10-1 


1305 10.11.58 x105 <2x10® 865x105 90 240x105 

1320-9. xii, 57. 45 x 108 <2 132x108 35 
1320 15.4.58 108 <2x10® 131x10° } — 
133-5 6. xii. 57 108 <2x10? 1-01 x 10° 06 
1335 13.158 I1x1l0® <2x10® 1-52x 10 0-7 
135-0 5. xii. 57 8-0x108 <2x10? 1-24 x 108 0-03 
135-0 13. xii. 57 8-0x 105 <2x10® 1-15 x 108 0-02 init 1-90 x 10-8 ste 
135-0 14.11.58 -7-0x105 <2x10® 1-13 x 108 0-02 1-54 x 108 1-37 x 10-2 


138-0 19.ii.58 1-1 x10® <2x108 1:22x10® <0-001 1:15x10? <82x10- 9-42x10°% 
* Based on colony counts for untreated milk. 


APPLICATION OF THE LABORATORY DATA 


Determination of Q1o 


The laboratory results proved much more reproducible with B. stearothermophilus than 
with B. subtilis (3). Furthermore, the thermal death curves determined in the laboratory 
were almost linear to survivor ratios of 10-® or less, indicating a homogeneous spore 
population. Consequently, the application of the laboratory data is made simpler and 
less approximate. Two sets of survivor-time data were available for each temperature, 
and are shown together in Fig. 1, with the mean thermal death line for each temperature. 

The relationship between the logarithms of the times required to reach specified 
proportions of survivors, and inverse of absolute temperature, is shown in Fig. 2. Again, 
the relation is strictly linear, so that an accurate estimate of the Qj) for the thermal death 
of these spores can be made. Over the range of experimental temperatures, the Qj, is 11-5, 
corresponding to a Q, of 1-276. This figure is much lower than the value of 31 found under 
similar conditions for B. subtilis 786, but is within the range previously accepted as general 
for spores. 
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Determination of K, and the proportion of surviving spores 


in From the results shown in Fig. 1, the K, at 120° C. is 0-260 min.-1, and only a single 
d, population needs to be considered. The values of K, at higher temperatures, calculated 
od for a Q,, of 11-5, are given in Table 2. The corresponding proportions of surviving spores, 
od obtained from Fig. 8 of Part IT of this series (2), are given in Table 3. 
Time of heating (min.) 
0 20 40 60 80 100 120 
mt 3 
—2 
110° C 
2 \ 
| 
x 
| 
4 —g L.125° C. 120° C. 
Fig. 1. Duplicate sets of thermal death curves for B. stearothermophilus TH 24 spores. 
Exp. 1:0, A, O, x. Exp. 2: @, A, @, +. 
-2 2 
5 
an 
ry a 
re 
nd 125°C. 120°C. 115°C. 
250 2:52 254 258 260 262 
d (1/Absolute temperature) x10? 
m Fig. 2. Relation between thermal death rate and temperature. 
th Proportion of survivors: O—O, 10-*; A—A, 10-4; @—@, 10-*. 
DISCUSSION 
- _It is clear from the results summarized in Table 1 that there is a marked inhibition of 
| the germination and/or growth of B. stearothermophilus TH24 spores in whole milk 
treated by the v.H.T. process. This inhibition is common both to spores which have 
survived the U.H.T. process and to those which have merely been heat activated. Litmus 
14-2 
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milk autoclaved at a temperature of about 120° C. does not have this inhibitory effect, 
as can also be seen from Table 1. 

The relationship of the proportion of surviving spores to U.H.T. treatment temperature 
is shown in Fig. 3, one curve being based on the survival results obtained from dilution 
counts in U.H.T.-treated milk and the other on colony counts in BS medium. In both 
cases, the initial spore count is taken to be the colony count in BS medium. Because 


Table 2. Slopes of thermal death lines, Ky, at operating temperatures, 8, 
of 130-138° C. 


0 K 6 K 
(sec.—}) (°C.) (sec.—1) 
130 0-0498 135 0-1687 
131 0-0636 136 0-2152 
132 0-0811 137 0:2743 
133 0-1037 138 0-3500 
134 0-1321 


Table 3. Proportions of surviving spores for operating temperatures, 0, from 
130 to 138° C., obtained from Fig. 8 of a previous paper (3) 


0 Proportion of 0 Proportion of 
(°C.) surviving spores (°C.) surviving spores 
130 3-9 x 10-1 135 3-1 x 10-2 
131 2-7 x 10-4 136 1-2 x 10-2 
132 2:0 x 10-4 137 4-4 x 10-3 
133 1-2 x 10-1 138 8-0 x 10-4 
134 6-5 x 


Treatment temperature (° C.) 


130 131 132 133 134 135 136 137 138 
1 T T T T T T T ] 


® 


10% 


Proportion of surviving spores 


Fig. 3. Comparison of experimental and calculated lethal effects. O, Calculated from laboratory thermal death 
data (colony counts in BS medium); A, Experimental from v.u.T. plant (dilution counts in v.H.T. milk); 

@, experimental from v.H.T. plant (colony counts in BS medium.) 


of the inhibitory effect there is a difference between the two curves of a factor of 105-10°, 
which is substantially constant with treatment temperature. 


The theoretical estimate of the proportion of surviving spores, based on the thermal | 


death results given by colony counts to avoid the inhibitory effect, are shown also in 
Fig. 3. The agreement between the lethal effect estimated from laboratory thermal death 
data and that found by experiments on the plant, in both cases under conditions which 
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minimize the inhibition, is very good. The conclusion reached earlier(3,4), that the 
theoretical analysis might be of great practical value, is confirmed. In particular it is 
possible in the present case to extrapolate the theoretical results with some confidence 
to higher operating temperatures, predicting the bactericidal effect of temperatures which 
could not be reached under the practical conditions available to us for plant operation. 

The improved agreement between practical and theoretical results as compared with 
that found with a mesophilic spore-forming organism (3) almost certainly arises from the 
more uniform behaviour of the thermophilic strain in the laboratory. This enables a more 
accurate prediction of spore characteristics at plant operating temperatures. The reason 
for these differences between the two species remains unexplained. 

The substantial inhibition of spore germination or growth found in these experiments 
is of practical importance. The fact that of each million surviving spores only about one 
germinates and grows in the vu.H.T. sterilized milk after treatment means that in practice 
the potential spoilage of milk by the resistant thermophilic spores is so reduced as to 
approach that for the less-resistant mesophilic spores examined previously. Unfortu- 
nately, there is no certainty that this favourable situation will exist with other resistant 
thermophilic organisms in other circumstances, when the inhibition may be less or absent. 
A high proportion of surviving spores may then be able to germinate and grow, so giving 
rise to serious difficulties. The factors controlling the inhibitory effect need examination. 

Despite these considerations, the results confirm the belief that the method of theoretical 
analysis of a sterilizing plant is of general value, and is valid for organisms of widely 
differing thermal death characteristics. 


SUMMARY 


This series of four papers has outlined a method for predicting the bactericidal efficiency 
of an ultra-high-temperature sterilizing plant. The method has been illustrated with 
reference to the performance of an A.P.V. 200 gal./hr. plate-type sterilizing plant, 
treating at different temperatures milk heavily inoculated with suspensions of B. subtilis 
and B. stearothermophilus spores. 

The method involves the determination of the temperature and flow time distributions 
in the plant, and of the thermal death characteristics of the organism to be considered. 
The investigations of plant performance are considered in Part I. The determination of 
the sporicidal effect of the plant from this information is described in Part II. The effect 
is expressed in terms of the slope of the thermal death line for the organism considered, 
at the operating temperature of the plant. By expressing the result in this form it 
becomes general and applicable to any type of organism, at any operating temperature 
close to that for which the plant is designed. 

The thermal death time of any organism at the operating temperature may be obtained 
by laboratory experiment, by extrapolation if necessary. In Parts III and IV, laboratory 
data for B. subtilis spores and B. stearothermophilus spores are used to calculate the 
performance of the plant, and the calculated results are compared with the results of 
direct plant experiment. The agreement is satisfactory. i: 

The interpretation of the results with spores of B. stearothermophilus is complicated 
by their very marked inhibition by v.H.1.-treated milk. Only about one spore per million 
germinates and grows in such milk. A false impression of the number of truly surviving 
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organisms after the heat treatment may therefore be obtained. It is not known to what 
extent this effect occurs with spores of other strains of B. stearothermophilus or with other 
organisms. 

It is not suggested that the theoretical method of estimation of performance will give 
reliable information on the spoilage level to be expected from a plant under practical 
dairy conditions. The uncertainties as to the number and types of incident organisms are 
too great. Comparisons can be made between different plants, however, by comparing 
the results of the theoretical analyses for the plants. No bacteriological data are then 
required. This may be a less difficult procedure for manufacturers than a direct bacterio- 
logical experiment using heavily inoculated milk. The analysis also enables the contribu- 
tion to the overall lethal effect of the different part of a sterilizing plant to be assessed. 
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SOME OBSERVATIONS ON SLOW AND FAST ACID-PRODUCING 
VARIANTS OF STRAINS OF STREPTOCOCCUS CREMORIS 
AND STR. LACTIS USED AS CHEESE STARTERS 


By ELLEN I. GARVIE 
National Institute for Research in Dairying, Shinfield, Reading 


(Received 6 March 1959) 
(With 4 Figures) 


Single-strain cheese starter cultures are usually maintained in the laboratory in steam 
sterilized milk. When such cultures are plated only some of the colonies on isolation will 
give cultures which produce acid actively in milk; the rest yield cultures which develop 
acid slowly and these have lost their usefulness as starter cultures (slow variants). The 
slow variants fail to clot steam-sterilized milk overnight at 22° C. when 1% of a 24 hr. 
culture is used as inoculum. Slow variants appear to arise spontaneously in single-strain 
starter cultures, but the reverse process has not been observed to take place naturally, 
and has not yet been induced. 

The slow variants can be stimulated by the presence of 1% peptone in milk to produce 
acid actively (1), but peptone cannot be added to the cheese vat to overcome slowness of 
the starter. Therefore, it is essential to maintain active single-strain starters, but the 
methods used are empirical because the conditions favouring the development of slow 
variants are not known. 

From earlier work in this laboratory (1) it seemed that the growth rate of fast and slow 
variants was the same. As slow variants arise spontaneously in a starter culture, it 
seemed probable that with continuous daily subculture there would be a gradual slowing 
down in the rate of acid production and in time the cultures might become changed to 
slow variants. Evidence on this point has been collected, by observing the effect on acid 
production of mixed cultures of fast and slow variants, and by maintaining strains of 
Streptococcus cremoris and Str. lactis by daily subculture for long periods. The information 
collected has helped to develop methods of maintaining and storing active single-strain 
starter cultures with a minimum of work. First, however, it was found necessary to 
develop a technique for growing the cultures on milk and to be able to estimate the 
numbers of fast and slow cells in any culture. 


The cultivation of single-strain starters on milk agar 
in the presence of carbon dioxide 


Because slowness is a phenomenon only recognized when starter cultures are growing 
in milk it was decided to use only milk as medium. In the earlier work Str. cremoris 924 
was used and it was observed then that this particular strain did not grow well on the 
surface of milk agar (3% plain agar + an equal quantity of litmus milk, mixed aseptically), 
particularly if a light inoculum were used. This strain grew better on yeast glucose agar, 
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but even so the colonies were smaller than with some other strains of Str. cremoris and 
Str. lactis. 

The milk agar plates were inoculated with 0-1 ml. of a suitable dilution of a culture 
and the liquid smeared over the surface with a glass rod. Poured plates could not be used 
because the medium was opaque. It was found that if the plates were incubated in an 
atmosphere of H,+10% CO, for 3 days at 22°C. large colonies developed, acid was 
produced and coagulation was observed round the colonies. 

From the following evidence it was concluded that Str. cremoris 924 requires CO, before 
good growth will occur on milk agar. 

Surface colonies can be affected if the agar becomes dry during incubation. However, 
when plates were incubated in a closed vessel with a container of water, few colonies 
developed, no acid was produced and the growth was the same as after normal aerobic 
incubation. 

When CO, was removed from the atmosphere in the jar with a saturated solution of 
NaOH, there was no growth. 

When CO, was liberated from a known quantity of Na,CO, with dilute H,SO, in an 
anaerobic jar containing air good growth and acid production occurred. The amount of 
CO, liberated in the jar was calculated to be the same as the amount when the H,+ 10% 
CO, mixture was used. There was no difference between these plates and the controls. 
(When the acid and alkali were mixed the CO, liberated caused spray which might have 
contaminated the plates had they not been protected.) These tests showed that the culture 
was stimulated by the addition of CO, and not by the removal of Q,. 

When CO, was substituted for H,+10% CO, growth was decreased. Too much CO, 
was inhibitory, but pure CO, was an improvement on normal air. 

Other cultures of Str. cremoris (NCDO 504, 607, 508, 1217, 1218) and cultures of 
Str. lactis (NCDO 509, 507, 712, 1007, 275) grow well on milk in an atmosphere of 
H,+ 10% CO, and the method has been adopted as a routine for plating single-strain 
starter cultures. 

Whitehead, Jones & Robertson (2) have also observed that the addition of CO, improves 
the growth of starter cultures. 


The effect of mixing fast and slow variants on acid production 
Estimation of fast and slow cells in any population 


No quick method is known for estimating the numbers of fast and slow cells in any 
population. At first it was hoped that, by inspection of the growth on milk agar, the 
colonies produced from fast and slow cells could be distinguished by the width of the 
acid zone, together with the amount of caseolytic activity around the colonies. This was 
not possible. Colonies judged slow by inspection sometimes proved on isolation to be 
fast acid producers, and the method was abandoned. Instead, the more laborious method 
of picking random colonies from a countable plate was used. The colonies were grown in 
litmus milk for 24 hr. at 22°C. A 1% inoculum from this culture was added to a further 
tube of milk which was again incubated for 24 hr. at 22° C. One loopful of this last tube 
was inoculated into litmus milk and the reaction read after 18 hr. incubation at 22° C. 
The fast cultures were those which clotted the milk; all others were slow. The method 
only allowed twenty cells (i.e. twenty colonies) out of a population of several million to 
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be examined. A further experiment was made to show whether both fast and slow cells 
in a mixture developed colonies on plating. For this purpose a mixture of two variants 
was used, both originating from Str. cremoris 924: 19/8 was a freshly isolated fast variant, 
and only fast colonies could be isolated from it; 14 only contained slow cells. Two sets of 
plates were prepared. In the first equal volumes of cultures of 19/8 and 14 were mixed and 
a suitable dilution of the mixture plated (M); in the second set the dilutions of the cultures 
were prepared separately and equal volumes of the same dilution of both cultures were 
inoculated on to one plate (MP). From separate colony counts of the cultures of 19/8 
and 14 it was estimated that a mixture of equal volumes of the two cultures should yield 
fourteen fast colonies to six slow. From the MP plate, which had a colony count of 80, 
fifteen fast and five slow colonies were isolated; from the M plate, which had a colony 
count of 66, ten fast and ten slow colonies were obtained. 

These results show that on a milk agar plate both fast and slow cells will produce 
colonies, and the numbers of the two types can be estimated in a mixed population 
providing one type of cell does not greatly outnumber the other. No difference between 
the fast and slow cells is known which would give a method of separating the variants 
when one greatly outnumbers the other. 


Activity tests 

The short test. Raw whole milk from one of the Institute farms was collected after the 
evening milking, cold-stored overnight, and divided into 30 ml. quantities the following 
morning. A 1% inoculum of an 18 hr. culture was added to the milk and the tubes 
incubated in a water-bath at 30°C. for 5} hr.; 10 ml. quantities were titrated with 
n/9 NaOH, using 0-5°% phenolphthalein as indicator. Parallel tests were done in recon- 
stituted dried milk. Only one batch of dried milk was used; it was stored at 4° C. and 
made up separately each day as required. 

The long test. Raw whole milk was obtained as before, but after being dispensed into 
tubes was autoclaved (15 lb./in.? for 5 min.), cooled and kept until evening, when 1 ml. 
of a 10-* dilution of a 24 hr. culture was inoculated into each 30 ml. quantity. The tubes 
were incubated at 30° C. for 16 hr. and the acidity determined by titration. 

The reproducibility of the short test was examined by Clarke, Garvie & Posener <3), 
and they found the average range per day (difference between highest and lowest reading) 
of replicate tests on 4 different days was 0-3 ml. n/9 NaOH. The reproducibility of the 
long test has not been examined, but the end-point occurs when the acidity of the fast 
culture has reached maximum, and that of the slow culture is increasing only slowly. 
The variation should therefore be less than with the short test, where the end point 
occurs during the period of rapid acid production and where large differences in acidity 
may then correspond to only small differences between cultures. 


Activity of freshly isolated fast variants 


The difference between a fast and slow variant of any culture is marked, and on fresh 
isolation colonies give cultures which apparently fall into one or other class. This suggests 
that only a single step occurs in the change from fast to slow. Had a number of stages 
occurred, freshly isolated cultures would have shown a gradation of activity between that 
of the true fast and that of the true slow. 
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Several starter strains were plated and colonies picked. Several cultures from each 
strain were selected and compared for acid production; those failing to clot milk over- 
night were not included. The results are given in Table 1. 

Differences exist between the cultures of any strain. NCDO 176, for instance, shows 
a maximum difference of 0-045 °% lactic acid, which is 0-015 greater than the mean found 
by Clarke et al. (3) using the same strain of streptococcus. However, Clarke et al. were 
using the same culture tube to inoculate the activity tests and they did not examine tests 
inoculated from different cultures of the same strain, which might reasonably be expected 
to show a greater variation. The results in Table 1 show less variation than the tests with 
the same strains at different times during a 12-month period (Fig. 3). It is concluded 
that all the cultures examined were of true fast variants. Over a period of 3 years, during 
which fast and slow variants have been examined, nothing has been observed which 
would indicate that the change from fast to slow does not occur in a single stage. 


Table 1. The activity of cultures from different colonies isolated on one occasion from 
cultures of Streptococcus cremoris and Str. lactis (total acidity expressed as % lactic 
acid) 


No. of strain Activity 

924 cremoris 0-495, 0-485, 0-395, 0-47, 0-395, 0-46, 0-45, 0-475, 0-39 
712 lactis 0-435, 0-415, 0-425, 0-405, 0-425, 0-375, 0-43 

275 lactis 0-345, 0-35, 0-345, 0-355 

176 lactis 0-52, 0-535, 0-545, 0-5, 0-515, 0-54 


The activity of mixtures of fast and slow strains 


Three cultures were used, 19/8, 14 and the parent Str. cremoris 924, containing a 
mixture of fast and slow cells. Two experiments were done, one using strains 924 and 14, 
the other using 19/8 and 14. Dilutions of the cultures were prepared in one-quarter 
strength Ringer’s solution and selected dilutions were inoculated into sterile milk. The 
number of cells used in each inoculum is given in Table 2. The resulting cultures were 
subcultured daily (except Sunday) in litmus milk and incubated at 22°C., except 
XM30 and YM30, which were incubated at 30°C. Activity was estimated at intervals 
using the long test. The results are shown in Fig. 1 for Exp. 1, and Fig. 2 for Exp. 2. 

Exp. 1 shows that after a period of 6 weeks, all the cultures had the same activity as 
each other and as the parent strain, irrespective of the initial ratio of fast and slow cells. 


Table 2. The number of cells of Streptococcus cremoris 924, 19/8 and 14 used 


to prepare mixed populations 
Fast culture Slow culture 
No. of cells No. of cells Incubation Sample 
Identification inoculated/ml. Identification inoculated/ml. (°C.) identification 
Experiment 1 
924 680,000 14 3,700 22 1M 
6,800 370,000 2M 
68 370,000 3M 
680,000 37 4M 
340,000 185,000 5M 
Experiment 2 
19/8 11,700 14 550,000 22 XM 22 
117 550,000 22 YM22 
11,700 550,000 30 XM30 


117 550,000 30 YM30 
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Exp. 2 shows that the two mixtures incubated at 22° C. reached the same activity, as 
did those incubated at 30° C. However, the cultures incubated at the higher temperature 
were more active. The control culture of 19/8 was at this stage more active than that of 
924 and appeared on the whole more active than the mixtures. 

Mixture 3 M of Exp. 1 and YM22 of Exp. 2 both contained few fast cells initially, but 
a high proportion of slow cells; even so, the activities show that the fast cells became 
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Fig. 1. Acidity produced by mixed cultures of fast and slow variants of Str. cremoris 924 (long activity 
test Exp. 1). O——O, 1M; O- -- -O, 2M; @- - - -@, 3M; @—@, 4M; O—-—O 5M; A——A, 924; 
A----A, 14. 


established and were not outgrown by the slow ones. Table 3 shows the numbers of fast 
and slow cells isolated from the cultures during the course of the experiments. In all 
instances there was a predominance of slow cells, even in 4M, which started in favour of 
the fast by 10,000:1. Fast colonies were not isolated from some cultures in Exp. 2, 
despite high activities. This was not surprising. Some active commercial starters have, 
on plating, failed to yield active single-strain starter cultures. One suggestion was that, 
while individual strains in the commercial starter were slow, together they stimulated 
each other. It is suggested now that possibly in these commercial starters, as in the 
present single-strain cultures, the number of fast cells was less than the number of slow. 
On plating and picking the fast cells were missed. 
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It is known that peptone, and presumably peptides in the peptone, can stimulate. the 
slow variants. In a culture containing fast and slow variants it is suggested that the fast 
cells break down the casein and provide peptides, thus enabling the slow cells to be 
active acid producers in the whole culture. 


Lactic acid (%) 
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Fig. 2. Acidity produced by mixed cultures of fast and slow variants of Str. cremoris 924 (long activity test 
Exp. 2). A——A, 19/8; A----A, 14; O——O, XM22; O- -- -O, YM22; @—-—@, XM30; @- - - -@, 
YM30. 


In cultures of Str. cremoris 924 there appears to be a balance between the fast and slow 
cells which, under the particular cultural conditions used, maintains an active culture. 
Irrespective of the initial starting ratio, the final ratio is the same. The reasons why there 
is a balance between fast and slow have not been explained, so far. However, if the 
cultural conditions were altered, it is possible that a different balance of fast: slow cells 
might result. If a balance of fast:slow cells is established in one strain, it is probably 
established also in other strains of both Str. cremoris and lactis. It also suggests that 
Str. cremoris 924 will never become slow with continued daily subculture under the 
conditions used in the present work. This aspect will be discussed later. 
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Appearance of slow cells in starters 


When first isolated, the variant 19/8 appeared to contain only fast cells and even after 
a few months’ daily subculture, no slow colonies could be found. After 13 months, 
however, 19/8 was re-examined; it then contained fast and slow cells in the ratio 7:13, 
while in the parent strain 924 after 3 years’ subculture the proportion was 2:18. In the 
slow variant 14, examined after 3 years, the ratio was 0:20. These results support the 
suggestion that a balance between fast and slow cells becomes established. Because after 
3 years 14 was still slow and contained no fast cells, it seems probable that it never 
would. Harriman & Hammer (4) also found that slow cultures were stable. 


Table 3. The proportion of fast: slow colonies isolated from mixed cultures 
of fast and slow variants at different times 


Experiment 1 Experiment 2 
Culture Time of plating Fast: slow Culture Time of plating Fast: slow 

924 Start of Exp. 1 9:9 XM 22 1 day 2:18 
1 week 0:20 

14 Start of Exp. 1 0:20 5 weeks 1:19 
1M 4 weeks 4:16 YM 22 1 day 0:20 
1 week 0:20 

2M 4 weeks 1:19 5 weeks 0:20 
3M 4 weeks 1:19 XM30 1 day 2:18 
1 week 0:20 

4M 4 weeks 1:19 5 weeks 2:18 
5M 4 weeks 1:19 YM30 1 day 0:20 
1 week 0:20 

3M 9 weeks 0:20 5 weeks 0:20 


Maintenance of single strains for cheese starter cultures 


A number of strains have been maintained with daily transfer in litmus milk (1% in- 
oculum) for many months. The strains used and the time for which they were examined are 
shown in Table 4. During this period they were examined weekly by the short activity 
test in raw milk and also in dried milk. These weekly activity tests showed considerable 
variation and the results, expressed as percentage developed lactic acid, for Str. cremoris 924 
for a period of 12 months, are shown in Fig. 3. The results with the other strains showed 
the same type of pattern, and are not given. 

In general, the activities in the raw and in the dried milk follow the same pattern, so 
that the fluctuations in acid production cannot be ascribed to stimulatory or inhibitory 
factors in the raw milk. Keogh (5) examined starters over a period of several months and 
found similar variation in activity. She suggested that these were due to variations in 
the milk, but she did not have a standard medium against which to control her observa- 
tions. By using a single batch of dried milk the variations due to the raw milk can be 
eliminated. Generally, more acid was produced in the dried than in the raw milk, but 
the variation from week to week in the dried milk is great, and until this can be controlled 
variations due to the raw milk cannot be surely measured. 

The variations shown in Fig. 3 are greater than can be expected by the method of 
testing, and the main cause of the differences appears to be variation within the culture. 
A fluctuation in the balance of fast and slow cells may cause differences in the activity of 
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the starter, and if this is the cause of the variations it should also appear in the behaviour 
of the starter in the cheese vat. 

Two parallel cheese were made using 19/8 (all fast cells) as starter in one vat and 924 
(mixed fast and slow cells) in the other. The graphs of the acidity during making are 
given in Fig. 4. The slow cells did not affect the behaviour of the starter, and were of no 
disadvantage. In other fields of microbiology it is known to be difficult to maintain a 
stable culture with continuous subculturing (6), and the starter cultures are only another 
example of biological variation. 
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Fig. 3. The acid produced by Str. cremoris 924 in raw whole milk and reconstituted dried separated milk, 
during 1957, as measured by the short activity test. @——@, raw whole milk; © - - - - O, dried separated 
milk. 

Table 4. The period during which strains of Streptoccocus cremoris and 
Str. lactis were maintained by daily subculture 


Strain no. Culture Culture 
and species started stopped 
277 lactis May 1956 May 1958 
504 cremoris July 1957 May 1958 
507 lactis Dec. 1957 Dec. 1958 
508 cremoris Dec. 1957 Dec. 1958 
509 lactis Sept. 1957 Dec. 1958 
712 lactis Nov. 1957 Dec. 1958 
924 cremoris Feb. 1956 Dec. 1958 
1007 lactis Dec. 1957 Dec. 1958 


Preservation of single-strain starter cultures by freeze drying 


Freeze drying commercial dairy starters may present problems if the balance of strains 
and species is to be maintained during drying and on rejuvenation. Single-strain cultures 
do not present the same problems. 

The method used has been to grow the single-strain starters for one subculture in 
glucose yeast broth inoculated from an actively growing litmus milk culture, and to 
incubate the tubes at 22° C. for 2 days. The inoculum used is small, and the cultures may 
not grow sufficiently well at 22° C. in 24 hr. for freeze drying. If a large inoculum is used 
coagulated casein will be mixed with the drying suspension. The cells in the broth culture 
are centrifuged off and resuspended in a small quantity of milk+5% lactose which has 
been sterilized by autoclaving. The cell suspensions are dried on a centrifugal freeze drier, 
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sealed under vacuum and stored at room temperature. The viable cells are estimated 
before drying, immediately after drying and at intervals during storage using the Miles— 
Misra drop technique on yeast glucose agar and 10:1 serial dilutions of the cell suspension. 
The results of some of the routine tests are shown in Table 5. Fortunately, the Gram- 
positive cocci are easy to dry and survive well when stored. All the cultures examined 
have retained their activities as cheese starter cultures during freeze drying and storage. 
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Fig. 4. Acid development during Cheddar cheese making with parent strain Str. cremoris 924 
and a fast variant 19/8. @—@, 924; O—O, 19/8. 


Table 5. The survival of strains of Streptococcus cremoris and Str. lactis 
on freeze drying and during storage 


Dilution showing surviving cells 


Storage time 
A 


Strain no. Before After Cc — 
and species drying drying 6 months 1 year 2 years 3 years 
176 lactis -5 -5 -5 -3 -3 -6 
188 lactis -5 -5 -5 
275 lactis -5 -5 ~4 -4 -4 = 
500 cremoris -5 -5 -5 -4 -2 — 
501 cremoris -4 -4 -3 -5 -4 — 
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A freshly isolated fast variant of Str. cremoris 924, 8, w2s dried in 1956, at the same 
time as the slow variant 14. Both these cultures were rejuvenated 2 years later and 
examined for fast and slow cells. It was found that 8 still contained only fast and 14 only 
slow. During the dormant period the fast cells were apparently stable. 

The three cultures, 8, 14 and 924 were dried and examined for count before and after 
drying, and also for the proportions of fast and slow cells surviving drying. The results are 
shown in Table 6. They show that both fast and slow cells survive drying and indicate 
that a freeze dried single-strain starter should be satisfactory when rejuvenated. Obviously 
it would be a wise precaution to freeze dry freshly isolated fast cultures. 


Table 6. The survival of fast and slow variants of Streptococcus cremoris 924 


on freeze drying 
8 14 924 
Number of cells x 10-6 
Before drying: YGA 15 48 22 
Milk agar 2:3 43 8 
After drying: YGA 17 39 19 
Milk agar 20 42 15 
Proportion fast: slow 
In milk culture 20:0 0:20 ork 
In suspension: Before drying 20:0 0:20 11:9 
After drying 20:0 0:20 13:7 


Watts & Colbert (7) also report that, when lyophilized, starter cultures can be stored 
without losing the ability to produce acid. , 

The method now used for maintaining single-strain starter cultures in this laboratory 
is first to prepare a bank of freeze-dried active cultures. But for day-to-day use the 
cultures can be maintained by subculture in milk apparently indefinitely. The day-to-day 
culturing will result in a different balance of fast and slow cells in different strains. Some 
cultures will be active, some will produce acid at a slower rate and some might be lost 
completely as cheese starters. The last are probably not worth maintaining. It is also 
possible that some cultures, while still active, only contain so few fast cells that these 
cannot be isolated on plating and picking. The strain will be preserved by the freeze-dried 
stock. Those strains which remain active and in which the balance of fast to slow cells 
under the cultural conditions used is not less than 50:50 are the easiest to maintain as 
cheese starter cultures. 


SUMMARY 


Improved growth of Streptococcus cremoris 924 was obtained in the presence of CQ,. 

When fast and slow acid-producing variants of Str. cremoris 924 were mixed and the 
mixture subcultured daily the resulting cultures were all active acid producers, irrespective 
of the initial ratio of fast to slow cells. A balance is established between the two types 
of cell; probably this will vary with the cultural conditions and vary between strains of 
Str. cremoris and Str. lactis for any particular conditions of maintenance. 

Providing the strains are correctly selected, single-strain starter cultures can be main- 
tained by daily subculture in litmus milk, apparently indefinitely. Activity varies with 
the present method within wide limits and this variation seems to be a function of the 
culture. 

Freeze drying is a satisfactory method of maintaining active single-strain starters. 
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A COMPARISON OF DRIED SKIM-MILK AND WHITE FISH 
MEAL AS PROTEIN SUPPLEMENTS FOR FATTENING PIGS 


IV. FURTHER STUDIES WITH PIGS FED UNRESTRICTED 
AMOUNTS OF WHEY UNDER COMMERCIAL CONDITIONS 


By R. BRAUDE, K. G. MITCHELL 
National Institute for Research in Dairying, Shinfield, Reading 


A. 8. CRAY, A. FRANKE anp P. H. SEDGWICK 
Cow and Gate Farms Limited, East Farm, Near Sherborne, Dorset 


(Received 11 April 1959) 
(With 1 Figure) 


The results of a previous experiment made on the Cow and Gate farm in Dorset by Braude, 
Mitchell, Cray, Franke & Sedgwick(1), indicated that the protein supplement of 10% 
white fish meal in the basal meal fed to pigs receiving unrestricted amounts of whey 
could be replaced by 10% dried skim-milk (having just over half the crude protein 
content of white fish meal) without significantly affecting the performance of the pigs. 
This result, which confirmed those obtained previously in two all-meal feeding trials 
(Barber, Braude & Mitchell 2) and Braude, Clarke, Mitchell, Cray, Franke & Sedgwick (3), 
suggested that as a protein supplement dried skim-milk is of greater value to the fattening 
pig than white fish meal, when compared on a protein content basis. 

The possibility that this finding was, at least in part, the outcome of a too generous 
level of protein in the basal meal containing 10% fish meal, was discussed. Although on 
theoretical grounds it was considered unlikely that protein greatly in excess of require- 
ments was being supplied by the 10% fish meal diet when fed in conjunction with whey 
ad. lab., it was felt that this question should be investigated experimentally. Mention is 
also made of a preliminary investigation comparing two ways of piping whey to the 
fattening pens and of an experiment in which the basal meal was fed at less than 2 lb./day. 
The results of all these experiments are compared with previous experiments at the Cow 
and Gate farm. 

EXPERIMENTAL 


Treatments and diets. All pigs received unrestricted whey. In addition, they were given 
3 lb./pig/day of a basal meal, fed dry, until they were 12 weeks (+3 days) of age. The 
daily allowance of meal was then reduced over a period of 1 week to 2 lb./pig and con- 
tinued at this level for the remainder of the fattening period. This experimental régime 
was identical with that in the previous trial(1). The composition of the four basal meals 
that were fed throughout the fattening period, and which comprised the four experi- 
mental treatments, is given in Table 1, together with their calculated crude protein 
values. The diets used on treatments (i) and (iv), containing 10° white fish meal and 10%, 
dried skim-milk, respectively, were similar to those used in the previous trial(1), but 
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contained a higher percentage of barley meal at the expense of fine miller’s offal, and a 
different source of vitamin and antibiotic supplement. The diets used on treatments 
(ii) and (iii) differed from the other two diets in that they contained only 7 and 5% white 
fish meal, respectively, as the protein supplement. The crude protein contents of the dried 
skim-milk and white fish meal, which were obtained in sufficient quantities before the 
experiment began to last for the whole experiment, were 33-9 and 64-4%, respectively, 
compared with figures of 36-8 and 65-3% for the two protein supplements used in the 
previous trial (1). These rather lower protein contents of the samples used, particularly of 
the dried skim-milk, together with the change in the relative proportions of barley meal 
and fine miller’s offal, resulted in a somewhat lower calculated total crude protein content 
in the basal meals given to the pigs on treatments (i) and (iv) compared with the 
corresponding diets used previously (1). 

Pigs. Details of the pigs used, their pre-experimental management, breeds, selection 
for experiment and housing, were all identical with those in the trial reported by Braude, 
Mitchell, Cray, Franke & Sedgwick (4). There were five pens of nine pigs on each of the 
four treatments, making a total of 180 pigs for the experiment. The four treatments were 
randomly allocated to the pens within each of the five replicates. The first replicate 
started on 26 July, and thereafter a further replicate was selected at weekly intervals, 
the final replicate starting on 23 August 1956. The average age of the pigs at the start 
of a replicate was approximately 8 weeks. 


Table 1. Percentage composition of the basal meals used in the four treatments, 
together with the calculated crude protein values 


Treatment no. 
A 


(i) (ii) (ii) (iv) 


Barley meal 55 574 59 534 
Fine miller’s offal 35 35 35 35 
White fish meal 10 7 5 os 
Dried skim-milk 10 
Steamed bone flour — $ 1 13 
Vitamealo ‘Supercon’ 34 lb./ton in all mixtures 
special supplement* 
Approximate crude 17-4 15-7 14-6 14:3 
proteinf 


* Agricultural Food Products Ltd., containing in 3} 1b.: 14g. oxytetracycline; 4,200,000 i.u. vitamin A; 
1,050,000 i.u. vitamin D, and riboflavin, nicotinic acid and trace minerals including zinc. 

t Using the figures obtained by chemical analysis for the white fish meal and dried skim-milk (64-4 and 
33-9% crude protein respectively), and figures given by Woodman (11) for other ingredients. 


Experimental feeding of pigs. During the first fortnight after being put into the experi- 
mental pens, the pigs were fed the same creep pellets, containing penicillin, that they had 
received from 3 weeks of age, and they continued to have access to the unrestricted 
supply of whey which they had had since birth. During the third week, the pellets were 
gradually replaced by the various experimental meal mixtures given in Table 1. The pigs 
were fed their meal ration once daily in the afternoon. 

Records and carcass grading. These were identical with those previously described in 
detail (4). 

Health of pigs. During the course of the experiment, eleven out of the total of 180 pigs, 
or approximately 6%, had to be taken off the experiment for the reasons given in Table 2. 

As in previous trials at East Farm, symptoms of virus pneumonia were observed in the 
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pigs, and the same routine as previously described by Braude, Clarke, Mitchell, Cray, 
Franke, & Sedgwick (5) to control the secondary complications of this condition was applied. 
The numbers of pigs receiving at least one course of injections were 2, 6, 6 and 1 on treat- 
ments (i), (ii), (iii) and (iv), respectively, which was somewhat less than in previous trials. 

All pigs were sprayed with benzene hexachloride twice at weekly intervals shortly after 
they entered the fattening house, as a precaution against sarcoptic mange. 


Table 2. Details of pigs which were taken off the experiment 


No. of pigs Cause of removal 
Treatment no. involved from experiment 


(i) 1 Rectal prolapse 
Rupture 


Lameness 

Hurt fighting 

Rectal prolapse 

Hurt fighting 

Pneumonia and lameness 

Failed to grow, cause 
unknown 


1 Rectal prolapse 
1 Rupture 
1 Pneumonia 


(ii) 


(iii) 
(iv) 


Table 3. Treatment means and their standard errors for live-weight gain, efficiency of food 

conversion and carcass measurements for pigs on experiment from approximately 

8 weeks of age to a mean live-weight of 202 lb. All pigs received 3 1b. of a basal meal 

per day, reduced to 2 lb./pig/day by 13 weeks of age, plus unrestricted amounts of whey 
Treatment no. and protein supplement in 


basal meal fed 


(i) (i) (iii) (iv) 
10% white 7% white 5% white 10% dried 8.E. 
fish meal fish meal fish meal skim-milk of means* 


Number of pigs 43 42 42 42 _ 
Days on experiment 137 141 144 148 _— 
Daily gain (Ib.) 1-18 1-14 1-11 1-08 0-026 
Efficiency of food utilization: 
(a) lb. of meal/lb. gain 1-88 1-93 1-98 2-02 0-043 
(b) gal. of whey/Ib. gain 3-05 3-04 3-04 3-05 0-045 
(c) lb. of meal plus 88% dry 4:10 4:15 4-19 4-25 0-055 


matter whey/Ib. gain 
Total consumption per pig of: 


Meal (Ib.) 294 302 309 315 

Whey (gal.) 476 474 475 476 _ 
Dressing percentage 75:2 75-6 76-1 76-1 0-25 
Carcass length (mm.) 782-6 777-4 783-8 2°15 
Shoulder fat (mm.) 52-5 51-0 51-5 50-9 0-91 
Mid-back fat (mm.) 289 29-8 29-5 28-6 0-56 
Loin fat (mm.): 

1 36-9 36:6 36-6 36-6 0-77 

2 32:8 32-2 31:8 31-9 0:77 

3 40-2 40:8 40:3 40:1 1-23 
Belly thickness (mm.) (average of 36-6 36-3 36-4 36-1 0-18 

3 points) 

Eye muscle (mm.) 

Depth 39-6 39-8 40:3 40-2 0-27 

Breadth 80-5 80-9 80-9 81:3 0:27 


* Based on 12 degrees of freedom. None of the treatment mean squares was statistically significant (P > 0-05) 
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RESULTS 


The mean results for live-weight gain, efficiency of food conversion and carcass measure- 
ments, together with appropriate standard errors, are given in Table 3. The standard 
errors were calculated from randomized block analyses of variance on the pen means, 
no adjustments being made for variation in either initial live weight or cold dead weight (6). 
The commercial grading results are summarized in Table 4, and in Table 5 the pattern of 
food consumption over 7-day periods for the first 3 weeks of the experiment and sub- 
sequently over 14-day periods up to the time when the first pigs went to slaughter, is 
shown. In Fig. 1 the average growth curves of the pigs on the four treatments are given 
from 8 weeks of age up to the time when the first pigs went to slaughter. 


Table 4. Commercial grading* results for the pigs 
Final grade 


Percentage grade A at 


Triple 
A A B Cc F — 
No. of —— Mid- 


Treatment pigs No. % No. % No. % No. % No. % __ back Loin Shoulder 
(i) 43 13 31:0 27 643 8 190 7 167 — — _ 81:0 33-3 64-3 
(ii) 42 12 286 26 61:9 9 214 7 167 — — 186 33-3 69-0 
(iii) 42 13 31:0 28 66:7 10 238 3 7-1 1 2:4 85:8 35-7 69-0 
(iv) 42 16 381 27 643 12 286 3 71 — — 810 40-5 81-0 

All pigs 168 54 «32-1 108 64:3 39 23-2 20 119 1 06 81-6 35-7 70-8 


* As in force at the time when the pigs were slaughtered. 
t Includes one rig pig not graded. 


Table 5. Mean consumption of meal and whey per pig per day over 7-day periods for the 
Jirst three weeks of the experiment, and subsequently over 14-day periods, up to the time 
when the first pigs went to slaughter 


Treatment number and protein supplement in basal meal fed 


(i) 10% white fish meal (ii) 7% white fish meal 
Approximate Meal+88% Crude Meal+88% Crude 
age of pigs Meal Whey dry matter protein Meal Whey dry matter protein 
(weeks) (Ib.) (gal.) whey (lb.) (Ib.) (Ib.) (gal.) whey (Ib.) (Ib.) 
8-9 2:0 0:7 2°5 0-41 2-0 0-8 2°5 0-42 
9-10 2-7 1-0 3-4 0-56 27 1-0 3-5 0-56 
10-11 2:8 1-1 3-5 0-56 2:7 0-9 3-4 0-49 
11-13 2-7 1:7 3-9 0-59 2:7 1-5 3:8 0-54 
13-15 2:0 2:8 4-0 0-55 2-0 2-6 3-9 0-50 
15-17 2-0 37 4:7 0-61 2:0 3-6 4-6 0-57 
17-19 2-0 4:7 5-4 0-69 2-0 4-4 5:2 0-63 
19-21 2:0 5-1 5:7 0-72 2-0 4:8 5-5 0-66 
21-23 2-0 5-5 6-0 0-74 2-0 5-2 5:8 0-69 
23-25 2:0 51 5:7 0-71 2-0 5-0 5-6 0-67 
(iii) 5% white fish meal (iv) 10% dried skim-milk 
8-9 2-0 0:7 25 0-41 2:0 0:8 2-6 0-42 
9-10 2-7 1-0 3-5 0-56 2-7 1-0 3-4 0-56 
10-11 2:8 1-1 3-6 0-49 2:7 1-0 3-4 0-46 
11-13 2-7 1:5 3-7 0-50 2:7 1-4 3-7 0-50 
13-15 2:0 2-7 4-0 0-49 2-0 2-5 3-8 0-46 
15-17 2-0 6 4:7 0-55 2-0 3-5 4-5 0-54 
17-19 2-0 4:5 5:3 0-62 2-0 4-4 5-2 0-61 
19-21 2-0 4:9 56 0-65 2-0 4:8 5-5 0-63 
21-23 2-0 4-8 55 0-64 2-0 4:9 5-6 0-64 
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(1) Live-weight gain and efficiency of food utilization 
The overall differences were not significant at the 5% level. 


(2) Carcass quality 


There were no significant differences between treatments for dressing percentage, 
carcass measurements and commercial grading. 


(3) Pattern of food consumption during the experiment 


The peak average daily consumption of about 5-5} gal. of whey per pig was reached 
during approximately the 21st-23rd weeks of life by the pigs on all four treatments. 
There was a tendency for the pigs receiving the basal meal with 10% white fish meal to 
consume slightly more whey per day at any given age from the 11th to 13th weeks onwards 
and to reach a rather higher peak intake than the other three groups of pigs. The data 
in Table 3 show, however, that the total consumption of whey per pig during the 
experiment did not differ significantly between the four treatments. 


180 
170 


T 


2 


8 9 10 12-3 “4 46 48 19 20 
Age (weeks) 


Fig. 1. Average growth curves of the four groups of pigs. A—-— A, 10% fish meal; A----A, 7% fish 
meal; O----O, 5% fish meal; @——®, 10% dried skim-milk. 


DISCUSSION 


Although there were no differences between treatments which were significant at the 
5% level, the data show certain definite trends which cannot be ignored. There was a 
tendency for the rate of growth to be lower, feed efficiency to decline and dressing 
percentage to improve with reduction of protein level in the diet. One must, however, 
bear in mind the fact that the differences in the level of total crude protein intake were 
relatively small (see Table 5) and it is not entirely unexpected that the attempt to measure 
the effects of such small differences under the commercial conditions of the trial should 
give statistically inconclusive results. Considerably more work would be required before 
definite conclusions could be drawn. Nevertheless, the results suggest that the basal meal 
containing 10% white fish meal did not supply protein greatly in excess of requirements. 
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There is also a trend in the experiment pointing to some superiority of the 10% fish 
meal diet over the 10% skim-milk diet, while in previous experiments (1,2,3) the indica- 
tions were that the 10% skim-milk diet was at least equal in value. Though the mean 
differences observed in the present experiment were relatively small, one should, in 
attempting a comparison between the various trials, keep in mind that some were carried 
out under essentially commercial conditions and that there were differences between the 
trials which might have caused treatment effects to vary. 

The small alterations in the meal mixtures which were made in order to comply with 
the changing economic values of the ingredients, and the somewhat lower calculated crude 
protein content of the 10% white fish, and 10% dried skim-milk basal meals used in the 
present trial compared with the earlier trial (1), have already been discussed. Comparison 
of the figures for average total daily crude protein intake of the pigs in the two experi- 
ments, however, indicates that owing to a rather higher level of whey intake in the present 
trial there was a tendency, if anything, for the crude protein intake to be slightly higher 
in the present trial, particularly in the later stages of fattening, both for the 10% white 
fish meal and 10% dried skim-milk groups. In addition, the changeover from creep 
pellets to the experimental rations was made a few days later in the present trial. The 
earlier trial was made during the summer months, whereas the present experiment was 
in progress mainly during the early winter months; evidence of seasonal effects on whey 
consumption will be discussed later. Further, continuous breed improvement work is in 
progress in the Cow and Gate herd of pigs, and it is probable, for example, that the 
improvement in performance of the experimental pigs since trials were first made on the 
Cow and Gate farm observed by Braude et al. (4) was at least in part a reflexion of this 
breeding work. One can speculate that changes in nutritive requirements for optimal 
performance may have occurred as this work on breed improvement progressed. 

One further point should be mentioned in relation to comparisons between the present 
and previous trials. Whereas in the present experiment the results given in Table 3 cover 
a fattening period starting at 8 weeks of age, in the earlier trial the results are given from 
10 weeks of age to slaughter, no record of food consumption being kept in this trial for the 
first 2 weeks after the pigs were brought into the experimental pens. However, similar 
calculation of the results in the present trial from 10 weeks instead of 8 weeks of age, 
showed no changes from the growth-rate data given in Table 3 for the fish meal-dried 
skim-milk comparison. 

As far as the results obtained in the all-meal feeding experiments (2,3) are concerned, 
the possibility still remains that the apparent superiority of dried skim-milk over white 
fish meal, when compared on a protein content basis, was at least in part the result of 
an over generous supply of protein in the fish meal control diet. Woodman & Evans (12), 
for example, found that pigs on all-meal feeding given only 7°, of white fish meal in the 
diet up to 90-100 lb. live weight and none thereafter up to bacon weight, did not differ 
significantly in performance from pigs given the higher levels of fish meal similar to those 
used in the above-mentioned trials (2,3). Evidence for an improvement in performance 
with increasing levels of dried skim-milk up to 15 or 20% which was obtained in both 

the all-meal and previous whey feeding trials(1,2,3), might be unconnected with protein 
itself. It could be due to other factors such as increased energy intake (1,2,3) or other 
unknown factors associated with dried skim-milk, which only become effective when 
minimum protein requirements have been met. Evidence for the existence of such factors 
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in skim-milk have been postulated by many workers (see, for example, (7)) and usually 
pigs fed liquid skim-milk as the protein supplement show some improvement in per- 
formance over animals given a meal diet containing white fish meal or other good quality 
animal protein. 

As far as practical recommendations are concerned for the amount of protein supple- 
ment to include in the basal meal fed with unrestricted amounts of whey in the manner 
described in this trial, the suggestion that a minimum of either 10% white fish meal or 
15% dried skim-milk should be included, would appear to be justified on the basis of the 
experimental evidence available so far. 

The results obtained in the present trial certainly indicated that no very severe 
worsening of performance would occur if the fish meal were reduced to only 5%. How- 
ever, first it must be remembered that in view of the very restricted amounts of basal 
meal fed, the increase in the actual amounts of the high-cost fish meal consumed per pig 
as a result of raising the percentage in the basal meal from 5 to 10 is relatively small. 
Secondly, wide fluctuations in the protein content of the cereal components of the basal 
meal can occur, and the trends obtained in the present trial suggested that if protein 
intake were lowered still further as the result of using cereals of lower than average protein 
content, a protein deficiency might well occur. The recommendation for a minimum 
level of 10% white fish meal should therefore be considered in part as providing some 
insurance against a reduced protein supply from the cereal, and possibly also the whey, 
components of the ration. 

Similar arguments apply to the recommendation that at least 15°%, rather than only 
10%, of dried skim-milk should be used. Results obtained in the present experiment 
indicated that at least under some conditions, a somewhat inferior performance can be 
expected from pigs given a basal meal with only 10% dried skim-milk compared with 
those given a meal with 10% white fish meal. Furthermore, as previously discussed, 
evidence of some improvement in performance by increasing the level of dried skim-milk 
from 10% to 15 or 20° was obtained in all three earlier trials(1,2,3). Although such 

improvement may not be very large it should again be remembered that the increase 
in the actual amounts of the high-cost skim-milk consumed per pig as a result of raising 
the percentage in the basal meal to 15 or 20 is relatively small. Under such circumstances 
to aim for optimal performance is the course most likely to be economically most profitable 
in the long term. 

The reasonably satisfactory carcass grading results and the lack of any marked 
differences arising from the use of fish meal or of dried skim-milk in the basal meal fed 
with whey, is in agreement with previous work (1), although there was a tendency for all 
the carcasses from the present trial to have a slightly thicker layer of back fat than was 
observed in the earlier trial. This was undoubtedly associated with the rather higher whey 
intake in the present experiment and hence to the higher intake of total food dry matter 
in relation to age. 

The age at which the pigs reached their peak average daily consumption of whey, 
namely during about the 21st-23rd weeks of life, agrees approximately with the results 
of the first of two trials published in 1957), but is some 4-5 weeks earlier than in the 
second of these two trials and in two other whey-feeding trials subsequently reported (1,4). 

All the three latter experiments were made during the summer months, whereas the 
present trial and the first of the two trials reported by Braude et al. (5) were in progress 
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mainly during the winter months. These results suggest that the peak consumption of 
whey is attained at an earlier age in the cooler months of the year; possibly also that the 
magnitude of this peak consumption (5-54 gal./pig/day in the present trial which was 
somewhat higher than in the previously reported experiments) and overall rate of whey 
intake per pig per day throughout the fattening period may also tend to be a little higher 
during the winter months. 

In this connexion it is of interest that in a preliminary experiment designed to investi- 
gate the possible effect of age of whey on the performance of the pigs (Braude, Mitchell, 
Cray, Franke & Sedgwick (8)) there was an indication that the acidity of the whey tended 
to be lower in the winter than in the summer. In this experiment the whey used was 
stored in one of two large tanks. One tank was replenished with whey from the factory 
once daily, which was the system adopted in all the other whey feeding trials on the 
Cow and Gate farm, and the other was replenished only once weekly. Unfortunately, 
it was found that there were very large fluctuations in the acidity of the whey delivered 
from the factory (from below 0-3 to above 1-5 titratable acidity expressed as percentage 
lactic acid), with the result that the average difference in the acidity of the whey taken 
from once daily and once weekly replenished tanks was not sufficiently large for any 
conclusions to be reached on the possible effect of whey acidity on the performance of 
the pigs. The range of acidities observed in the whey from the tank replenished daily was 
0-6-1-8, and from the tank replenished weekly 0-8-2-2. 

It is hoped, however, that further work may be done on this problem in the near future. 
The efficacy of the addition of 0-1°% formalin, as used in liquid skim-milk (9), in main- 
taining a lower acidity in stored whey is at present being investigated. 

In the above experiment (8), the possible effect on the pigs of the routine of piping the 
whey to the automatic troughs in each pen via individual 40 gal. pen tanks, so that the 
whey consumption for each pen of pigs could be determined, was also investigated. This 
routine was used in all the whey feeding trials on the Cow and Gate farm, and in this 
experiment it was compared with the more normal commercial procedure of piping the 
whey direct from the main storage tank to the automatic pen troughs. It was established 
that there was no difference in the performance of the pigs supplied with whey by these 
two routines. This result was consistent with the finding that the acidity of the whey, 
as consumed by the pigs, was similar on any one day whether it had been piped direct to 
the pen troughs or via the individual pen tanks. 

The average growth curves in Fig. 1 of the pigs receiving the 10° white fish meal basal 
diet, show that there was a tendency for the rate of growth to increase slightly as the 
animals became older. This was in agreement with other recent results on whey feeding (4) 
but contrary to results obtained in earlier trials (1) where the rate of growth of the whey- 
fed pigs tended to fall off as they became older. It was suggested (1) that the pigs might 
have insufficient capacity to consume enough whey to supplement their daily ration of 
only 2 lb. of meal to enable them to maintain at least a constant rate of growth, and that 
in consequence there might be some advantage in increasing the meal ration slightly in 
the later stages of fattening. As previously mentioned, breed improvement work is 
continuously in progress in the Cow and Gate herd and the results obtained in these more 
recent trials suggest that probably as a result of the rather better utilization of the food 
consumed, or somewhat higher peak consumption of whey as compared with that in the 
earlier trials, the ration of 2 lb./pig/day of meal is sufficient to enable these improved pigs 
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to show a rising rate of growth with age. The possibility that an economic advantage may 
be obtained by increasing the level of the meal allowance slightly in the later stages of 
fattening still, however, remains. 

In connexion with this question of the meal allowance to be fed with the whey, it is of 
interest that results of a preliminary experiment designed to investigate the possibility 
of reducing the meal consumption even further (Braude, Mitchell, Cray, Franke & 
Sedgwick (10)) indicated that reduction in the daily meal allowance to only 1 lb./pig at 
the 14th week of life had an adverse effect on the growth rate of the pigs. When the 2 lb. 
daily meal allowance was cut out altogether at the 17th week of life, there was almost 
a complete cessation of growth in all pigs. It was clear from this trial that the pigs could 
not increase their intake of whey to compensate for the reduction in the daily meal 
allowance below 2 lb./pig, and it was concluded that this allowance of meal given in 
conjunction with an unrestricted supply of whey, should be considered as the absolute 
minimum in order to obtain a reasonable rate of growth. 


SUMMARY 


1. Results are reported of an experiment with fattening pigs, made under commercial 
conditions, to obtain further information on the comparative value of dried skim-milk 
and white fish meal as protein supplements in a basal meal fed in conjunction with 
unrestricted amounts of whey. 

2. All the pigs received, together with the unrestricted supply of whey, 3 lb. of a basal 
meal, reduced to 2 lb./pig/day by 13 weeks of age, fed dry once daily. Four different 
basal meals, comprising the four experimental treatments, were used, containing 
respectively 10, 7 and 5% white fish meal and 10% dried skim-milk as the protein 
supplement. 

3. There were five pens of nine group-fed pigs on each treatment, involving a total of 
180 pigs. The pigs were on experiment from approximately 8 weeks of age to bacon 
weight. Comprehensive carcass measurements were made on all the pigs. 

4. None of the treatment differences for any of the variables studied was significant 
at the 5% level. There was, however, a trend for rate of growth to be reduced, efficiency 
of food conversion to decline and dressing percentage to improve with reduction of 
protein level in the diet. There was also an indication that the rate of growth and 
efficiency of food utilization of the pigs given the basal meal containing 10° white fish 
meal were rather better than for the pigs receiving the basal meal with 10% dried skim- 
milk as the protein supplement, although the mean differences were relatively small. 

5. The results are discussed in relation to those obtained in earlier experiments 
completed under similar conditions at the Cow and Gate farm. 

6. On the basis of the experimental evidence obtained so far, it was concluded that 
either 10% white fish meal or 15°% dried skim-milk should be considered the minimum 
amounts of these protein supplements that should in practice be included in the basal 
meal fed with unrestricted whey in the manner described. 

7. Possible effects of season on whey consumption are discussed in relation to some 
preliminary findings on the effect of whey acidity on the performance of fattening pigs. 

8. Results of another preliminary experiment are mentioned in which a reduction in 
the daily allowance of the basal meal to 1 lb. or less had a very adverse effect on the 
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performance of the pigs. It was concluded that a daily allowance of 2 lb./pig of meal 
given in conjunction with an unrestricted supply of whey, should be considered the 
absolute minimum in order to obtain a reasonable rate of growth. 


We thank the Director of Messrs C. & G. Prideaux, Ltd., Bacon Curers, Motcombe, 
Shaftesbury, Dorset, for permission to take carcass measurements of the experimental 
pigs, and Messrs K. Lawrence and P. Prideaux who most conscientiously took these 
measurements. The help of Mr J. Rowell of the Agricultural Research Council Statistics 
Group, Cambridge, in making the statistical analyses is also very gratefully acknowledged. 
We should also like to thank Mrs J. Sedgwick for making the whey acidity determinations. 
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Viscosity changes in concentrated skim-milk treated with 
alkali, urea and calcium-complexing agents 


I. The importance of the casein micelle 


By R. BEEBY anp K. KUMETAT* 
The Dairy Research Section, C.S.I.R.0., Melbourne, Australia 


(Received 27 April 1959) 
(With 7 Figures) 


Kumetat & Beeby (1954, 1958) reported that when concentrated skim-milk with 25% 
total solids was brought to pH 11-7 with calcium hydroxide at a temperature below 10° C., 
a marked increase occurred in the viscosity of the system. The characteristic opacity of 
the milk also disappeared and a greenish translucent liquid was obtained, suggesting that 
the casein micelles had disintegrated. The viscosity increased to a maximum value in 
approximately 3 min. and then decreased, at first rapidly, but later more slowly, tending 
to reach a constant value which was maintained for some 10 days. After this time the 
viscosity increased and the system gelled. Fig. 1 depicts these changes in viscosity. 


Viscoscity (cP.) 


1 1 1 L/L 1 i 1 1 1 
Time (min.) Time (days) 


Fig. 1. The viscosity—-time curve of concentrated skim-milk (22-7 % 1.8.) treated at 4° C. 
with calcium hydroxide (pH 11-7). 


Other workers have reported similar changes in viscosity in systems containing casein. 
Higgins & Plomley (1950) and Plomley & Higgins (1954) observed a rise and fall in 
viscosity, preceding gelation, in concentrated systems of casein—water-alkali. Naraya- 
namurti & Handa (1954) reported a similar effect in a similar system. The present 
phenomenon appears, however, to be a distinct one, since it has been found to be dependent 
on the presence of casein initially in the form of micelles. 


* Dr. Kumetat died on 8 September 1957 
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For this reason it was felt that insight into the mechanism responsible for the 
phenomenon might shed some light on the structure of the casein micelle, as marked 
changes in the viscosity and turbidity of systems containing proteins are often indicative 
of gross configurational alterations in the proteins. The effects of various chemical agents 
on the turbidity and viscosity of concentrated skim-milk were therefore studied and the 
results are reported and discussed in this paper. 


EXPERIMENTA 
Materials and methods ERIMENTAL 


Skim-milk was obtained by separating fresh raw milk. After heating to 63° C. and 
holding for 30 min., skim-milk was concentrated at 30° C. in a stainless-steel evaporator 
of the type described by Beeby & Mantle (1955). 

The total solids contents of the concentrated skim-milks were determined gravi- 
metrically. All trials were carried out at a final concentration of 22:7°% milk solids, the 
weight of any added reagent being neglected. Because of the rapid change in viscosity 
observed in some instances it was necessary to mix the milk and the chemical reagent 
quickly. The reagent, dissolved or suspended in 26 g. of distilled water, was placed in 
a cylindrical stainless-steel container of approximately 350 ml. capacity. A quantity of 
concentrated skim-milk containing 65g. of milk solids was made up to 260g. with 
distilled water and, after being adjusted to the appropriate temperature, was poured 
quickly into the dispersed or dissolved reagent and mixed with a spatula. It was 
possible to obtain the first measurement of viscosity within 30 sec. of the start of the 
reaction. 

Viscosities were determined with a Ferranti Model VM viscometer, the range of which 
was extended by using VH (high viscosity) cylinders. Readings were taken at 10-30 sec. 
intervals depending upon the rate at which the viscosity changed. As the liquids were 
non-Newtonian (viscosity decreasing with increasing rate of shear) a constant rate of 
shear was employed for each viscosity-time study. Cylinders VMB at speed 2, VHA at 
speed 3, and VHC at speed 3 were used to cover a range of viscosities up to 12,000 cP. 
The rates of shear with these combinations were 54-02, 50-67 and 49-44 sec.—1, respectively, 
the rate of shear thus being essentially constant throughout all studies. 

Changes in turbidity were followed by measuring the absorbance of the samples relative 
to water in 2 mm. cells at a wavelength of 800 my in a Unicam SP 500 spectrophotometer. 


The effect of pH 


Samples of concentrated skim-milk at 3° C. were adjusted to between pH 9 and pH 11-7 
with calcium hydroxide and with sodium hydroxide. The viscosity—time relationships 
are shown in Fig. 2. 

Within the range of pH studied, the transient maximum viscosity occurred earlier the 
higher the pH. At the low pH a slow increase took place, finally resulting in gelation 
without passing through a maximum. Sodium hydroxide caused higher maximum 
viscosities than did calcium hydroxide and at any one pH the maximum occurred sooner. 
With sodium hydroxide, no maximum was observed at pH 11-7, although the resulting 
viscosity was higher than that of the original milk but much lower than the maximum 
at pH 11-1. Ifthe viscosity of the system passed through a maximum at pH 11-7 it must 
have done so very rapidly, since the viscosity was relatively constant 30 sec. after the 
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alkali was added. Of the samples having a maximum viscosity at 3-5 min., those treated 
with sodium hydroxide gelled after 1-2 days whereas those treated with calcium hydroxide 
did not gel until 10-12 days after treatment. 


5000 


4500 


4000 


3500 


Viscosity (cP.) 


1500 


i 
0 25 5 15 10 125 
Time (min.) 
Fig. 2. The viscosity-time curves of concentrated skim-milk (22-7 % 1.8.) treated at 3° C. with calcium 
hydroxide and sodium hydroxide. Curve nl, pH 8-7, NaOH; curve n2, pH 10-0, NaOH; curve 73, 
pH 10-8, NaOH; curve 74, pH 11-1, NaOH; curve C1, pH 10-4, Ca(OH),; curve C2, pH 10-6, Ca(OH),; 
curve C3, pH 11-1, Ca (OH),; curve ('4, pH 11-7, Ca(OH). 


The effect of urea 


When urea was added to concentrated skim-milk the changes in viscosity and turbidity 
were similar to those observed when the milk was adjusted to a high pH. In Fig. 3 
examples of the effect of urea on the viscosity of concentrated skim-milk are shown. 
Temperature of reaction, concentration of urea and pH all influenced the extent to which 
the viscosity changed. A pH of approximately 9 was taken as the upper limit, since above 
this value the effect of pH alone was appreciable. At 4° C. and pH 6-7, 2-4 m. (molal) 
urea had little effect. At pH 9 (sodium hydroxide) however, the same concentration of 
urea caused a relatively slow increase in viscosity, similar to that caused by alkali at 
pH 10. A maximum viscosity occurred after 2 min. with 4-8 m. urea at pH 9 and 4° C. 
When the reaction was carried out at 25° C. and with the lower concentration of urea 
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(2-4 m.) the maximum viscosity occurred after 5-6 min. and gelation after some 15 min. 
With the higher concentration of urea at this temperature, an increase in viscosity but 
no transient maximum was observed as in the sample adjusted to pH 11-7 with sodium 
hydroxide. Greater concentrations of urea (e.g. 8 m.) had this effect even at 4° C. and 
pH 6-7. 
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Fig. 3. The effect of concentration of urea and temperature of reaction on the viscosity-time curves 
of concentrated skim-milk (22-7 % 1.s.) treated with urea at pH 9-0. 


Effect of removing calevum ions 
Kumetat & Beeby (1956) found that the addition of sodium hexametaphosphate to 
concentrated skim-milk at pH 6-6 brought about a rise and fall in viscosity, although a 
relatively slight one. Ford, Choate & Heckman (1956) observed similar changes in the 
viscosity of unconcentrated milk on adding polyphosphates. These chemicals are well- 
known complexing agents for calcium and a study of the effect of other calcium-com- 
plexing agents was therefore undertaken. The effects of sodium hexametaphosphate 
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Fig. 4. The viscosity-time curves of concentrated skim-milk (22-7 % T.s.) treated at 4° C. with various 


calcium-complexing agents. Curve 1, 1-75% sodium fluoride, pH 9-1; curve 2, 1-75% ammonium 
oxalate, pH 9-4; curve 3, 45% sodium hexametaphosphate, pH 8-2; curve 4, 4-5% EDTA, pH 9-1. 
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(Calgon T), ethylenediaminetetra-acetic acid (EDTA), ammonium oxalate, sodium 
fluoride, tetrasodium pyrophosphate and sodium citrate on the viscosity of concentrated 
skim-milk were studied. The effects of these reagents were more pronounced as the pH was 
raised and the viscosity changes were more rapid at 30° C. than at 4° C. Typical results 
are given in Fig. 4. All the reagents excepting tetrasodium pyrophosphate and sodium 
citrate caused a transient maximum viscosity at 4° C. and within the pH range 8-2-9-4 
(pH adjusted with sodium hydroxide). Tetrasodium pyrophosphate caused rapid gelation, 
while concentrations of up to 4-5°% sodium citrate had very little effect on viscosity even 
after 2 hr. With either sodium fluoride or ammonium oxalate a maximum in viscosity 
occurred after approximately 4 min. while the time of appearance of the maximum was 
roughly 45 and 116 min., respectively, for samples containing EDTA and sodium hexa- 
metaphosphate. The effect of sodium fluoride differed in so far as the system gelled shortly 
after passing through the maximum. All four reagents increased the translucency of the 
milk. With the exception of the sample treated with fluoride, the milks had not gelled 
after 14 days. 


Micellar casein and the viscosity phenomenon 


The decrease in turbidity observed when concentrated skim-milk was treated with the 
various reagents indicated that the casein micelles were undergoing alteration. Although 
likely, it was by no means certain that the changes in viscosity occurred as a result of 
this alteration. To obtain further evidence on this point the following experiments were 
conducted. 

Formaldehyde was added to concentrated skim-milk to a level of 0-3% which was 
then held overnight at 4° C. Nitschmann (1949) and Hostettler & Imhof (1952) showed 
that this treatment prevented disintegration of the micelles when the milk was later 
extensively diluted. In the present studies milk treated with formaldehyde did not show 
a rise and fall in viscosity on adjusting to pH 11-7 with calcium hydroxide, nor was any 
great alteration in turbidity apparent. Formaldehyde when added to the milk after 
treating with alkali caused immediate gelation. 

A sodium caseinate solution with approximately the same protein—water ratio as the 
concentrated skim-milk (1:10) was prepared by dissolving freshly precipitated and washed 
acid-casein in dilute sodium hydroxide. The pH of this preparation was 6-6. In such a 
solution the casein is not in the form of micelles. No viscosity maximum was observed 
when the sample was brought to pH 11-7 at 4° C. with calcium hydroxide. 

A synthetic skim-milk, in which casein is present as micelles, was prepared according 
to the procedure of Grindrod, Price & Sommer (1956), omitting lactose. The synthetic 
milk was concentrated until the casein-water ratio was approximately 1:10. Samples of 
the concentrated synthetic milk were cooled to 3° C. and adjusted to pH 10-2, 10-9 and 
11-5, respectively, with sodium hydroxide. The viscosity—-time curves obtained are shown 
in Fig. 5. A transient maximum viscosity was observed although this was much lower 
than with concentrated skim-milk. A decrease in turbidity accompanied the changes in 
viscosity. The much lower initial turbidity of the synthetic milk indicated that the micelles 
differed in size and/or number from those in skim-milk and, being prepared from acid- 
precipitated casein, probably also differed in other respects. 

A concentrated solution of whey protein was prepared by precipitating with acid the 
casein from skim-milk which had been exhaustively dialysed against running tap-water, 
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removing the whey by filtration and concentrating. No viscosity maximum was observed 
at pH 11-5 (calcium hydroxide) and 4° C., although the concentration of whey protein in 
this material was some seven times that of the concentrated skim-milk. 

Thus a peak in the viscosity-time curve was observed only in systems which originally 
contained casein micelles, but not when these were treated with a reagent known to 
prevent their disintegration. 
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Fig. 5 The viscosity-time curves of ‘synthetic milk’ containing casein micelles (casein: water = 1:10) 
treated at 3° C. with sodium hydroxide. 


Addition of calcium ions 

It was shown that the viscosity phenomenon occurred only when casein micelles were 
present. It was considered that if the effect were in fact due to disintegration of the 
micelles it might be possible to amplify it by increasing the amount of micellar casein 
prior to treatment. Von Hippel & Waugh (1955) added calcium ions to skim-milk to 
increase the ratio of micellar to ‘soluble’ casein. Burton (1956) showed that the addition 
of calcium ions increased the reflectance of skim-milk and interpreted this as being due 
to an increase in number or size of the casein particles. 

Calcium lactate was added to two samples of concentrated skim-milk to raise the 
calcium concentration by 0-033 and 0-066 M, respectively. (The lactate was used because 
it produced little change in pH). Each sample was held for 2 hr. at 3° C. and then 
adjusted to pH 11-1 with sodium hydroxide. The viscosity-time curves in Fig. 6 show 
that raising the level of micellar casein by adding calcium both increased the height of 
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and delayed the time of appearance of the maximum viscosity peak. The increases 
in maximum viscosity were approximately 50% and 100%, respectively, with the 
two levels of calcium added. 


+0:066M Ca 


8000 F 


Viscosity (cP.) 
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No addition 
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Fig. 6. The viscosity—-time curves of concentrated skim-milk (22-7 % 1.s.) to which calcium 
lactate was added prior to treatment at 3° C. with sodium hydroxide (pH 11-1). 


Changes in turbidity 

The decrease in turbidity accompanying the viscosity phenomenon was measured at 
approximately 20° C. It was not possible to follow the turbidity changes brought about 
at low temperature by high pH, because of condensation of moisture on the exterior of 
the cells and inability to maintain isothermal conditions. For this reason the effects of 
urea and of sodium hexametaphosphate, both of which cause viscosity maxima at room 
temperature, were studied. The changes with time in the turbidity of concentrated skim- 
milk caused by 2-4 and 4-8 m. urea and 1% sodium hexametaphosphate at pH 9 are 
given in Fig. 7. 

The turbidities of the samples treated with urea decreased rapidly within 2 min. of 
adding the reagent and then changed only slightly on further standing. The turbidity 
of the sample treated with sodium hexametaphosphate also declined rapidly within 2 min. 
but in this instance the turbidity continued to decrease at a much slower rate forsome time. 

The time at which the viscosity maximum was reached was approximately 15 and 
5 min. for the low and high concentrations of urea, respectively, and approximately 
45 min. for the sample treated with sodium hexametaphosphate. Qualitative examina- 
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tion of samples treated with alkali at low temperature indicated that the turbidity 
decreased rapidly to a low level before the system reached maximum viscosity. 

It is most likely that the alterations in the structure of the casein micelle responsible 
for the profound changes in its light-scattering properties also cause the viscosity of the 
system to alter in the manner described. The structural changes induced in the micelle 
are such that a decrease in turbidity occurs more rapidly than a rise in viscosity, in some 
instances even before any measurable change takes place in viscosity. 


Absorbance 


Time (min.) 


Fig. 7. Changes with time in the absorbance (800 my, 2 mm. cell) of concentrated skim-milk (22-7 T.s.) 
treated with urea and sodium hexametaphosphate at approximately 20° C. O—O, treated with 1% 
sodium hexametaphosphate; @—®@, treated with 4-8 molal urea; A—A, treated with 2-4 molal urea. 


DISCUSSION 


The transient viscosity maximum and loss of opacity in concentrated skim-milk treated 
with any of the different reagents are due to some alteration of the casein micelles, each 
reagent apparently causing a similar change. The marked decrease in turbidity shows that 
the micelles have disintegrated and it is reasonable to assume that the changes in viscosity 
are due to the manner in which this disintegration occurs. If it is assumed that the casein 
micelles expand before breaking up into ‘molecular’ units, and that the rate of expansion 
depends upon the conditions employed, a satisfactory interpretation of the experimental 
data is obtained. 

As the casein micelles expand the turbidity of the system decreases while at the same 
time the greater effective volume of the micelle increases the viscosity. Decreased light- 
scattering by the swollen micelles is in accordance with the observations of Bozler (1958) 
who showed that the diminution of light-scattering by glycerol-extracted muscle fibres 
under the action of adenosine triphosphate and other agents was associated with swelling 
of the fibres. A slight initial expansion of the micelles must result in a large decrease in 
light-scattering. 

Although further expansion affects turbidity to a lesser degree the viscosity continues 
to rise so long as the swollen micelles retain their identity. Interaction of the distended 


micelles is likely because of the relatively high concentration of the system and this also 
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contributes to the high viscosity. The maximum viscosity of the system coincides with 
the greatest degree of swelling and interaction of the micelles. The micelles then dis- 
integrate and the viscosity falls since the sum of the volumes of the units in each micelle 
is much less than the effective volume of the expanded micelle. 

The casein micelles vary in size and for this reason they are likely to vary in rate of 
dispersion.* Thus the number of micelles which, at any one time, are in such a state as 
to exert the greatest influence on viscosity might be expected to follow a distribution 
curve, the maximum of which coincides with the peak in the viscosity—time curve of the 
system. The over-all rate of dispersion will determine the time taken for the system to 
reach and pass through its maximum viscosity. The greater the rate of dispersion the 
sooner the viscosity maximum is reached. 

Since the casein micelles are large aggregates with ‘molecular weights’ in the range 
266-780 million (D’yachenko & Vlodavets, 1954) and there is evidence to suggest that 
they are in equilibrium with ‘soluble’ casein (von Hippel & Waugh, 1955), their structure 
must be determined by a balance between disruptive and stabilizing forces. If in any way 
the stabilizing forces are diminished or the disruptive forces increased the micelles will 
tend to disperse. Because alkali, urea and calcium-complexing reagents all bring about 
dispersion of the casein micelles, forces susceptible to each of these agents must be involved 
in their stabilization. 

Upon raising the pH, the increase in the repulsive forces within the micelles as a result 
of the greater net charge on the protein must be a major factor contributing to dispersion. 
The higher the pH the greater is this mutual repulsion and the more rapid is dispersion, 
being almost instantaneous at pH 11-7 with sodium hydroxide. At any one pH, calcium 
hydroxide disperses the micelles more slowly than sodium hydroxide. Presumably, even 
at a pH of 11-7, the calcium ions from the calcium hydroxide tend to retard their dis- 
persion. The important role played by calcium in stabilizing the micelles is clearly shown 
by the fact that removal of calcium ions by sequestering agents allows the micelles to 
disperse. The efficacy of calcium in this regard may not be confined to its effect in the 
ionic atmosphere surrounding the micelle, but it may also affect the aggregation of the 
casein fractions, by ionic bridges or by other means, within the micelle. 

Dispersion of the micelles by urea, which is accelerated at elevated temperatures and 
high concentrations of urea, indicates that hydrogen bonds also contribute greatly 
towards the stabilization of the casein micelle. 

These studies thus provide evidence that calcium and hydrogen bonds are two of the 
major factors responsible for maintaining the stable structure of the casein micelle. These 
two stabilizing factors, neither of which can maintain the micelle without the other, 
combine to off-set the effect of electrostatic repulsions between the units of the 
micelle. 

The explanation of the observed viscosity and turbidity changes presented in this paper 
is speculative in detail, but it shows that such phenomena bear closely on a major 
unsolved problem in the chemistry of milk—the internal structure of the casein micelle, 
and can only be explained in terms of this structure. 


* The term ‘dispersion’ is used throughout this paper to cover collectively the expansion and disintegration 
of the micelles. 
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SUMMARY 


The viscosity of concentrated skim-milk changed markedly with time upon the addition 
of urea, calcium-complexing agents or alkali, the viscosity-time curve passing through 
a distinct maximum. Also, the characteristic opacity of the milk disappeared in the 
presence of these reagents. 

These phenomena are explained in terms of a postulated expansion of the casein 
micelles followed by their disintegration into ‘molecular’ units. 

Electrostatic repulsions within the casein micelles are considered to be the cause of 
expansion. 

Calcium, either in the ionic atmosphere of the casein micelle or as calcium bridges 
within the micelle, and hydrogen bonds are regarded as two of the major factors 
responsible for maintaining the stable structure of the casein micelle. 


The authors wish to thank Mr E. F. Woods, Division of Protein Chemistry, C.S.I.R.0., 
Melbourne, and various staff members of the Dairy Research Section, C.S.I.R.O., 
Melbourne, for helpful discussion during the preparation of the manuscript. The technical 
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Viscosity changes in concentrated skim-milk treated with 
alkali, urea and calcium-complexing agents 


II. The influence of concentration, temperature and rate of shear 


By R. BEEBY anp J. W. LEE 
The Dairy Research Section, C.S.I.R.O., Melbourne, Australia 


(Received 27 April 1959) 
(With 5 Figures) 


In Part I it was shown that when concentrated skim-milk was treated with either 
alkali, urea or calcium-complexing agents the viscosity of the system passed through a 
pronounced maximum in a comparatively short time. These viscosity changes were 
attributed to swelling and disintegration of the casein micelles. In an effort to shed 
further light on the mechanism of dispersion* of the casein micelles, the effects of protein 
concentration, temperature and rate of shear were studied. 


EXPERIMENTAL 
Materials and methods 


Concentrated skim-milk samples were prepared and mixed with the various reagents 
and their viscosities measured in the manner described in Part I. Unless indicated other- 
wise, the solids content of each sample investigated was 22-7 %, neglecting the weight of 
any reagent added. 


The effect of the concentration of casein micelles 


Following the observation reported in Part I that raising the concentration of micellar 
casein by the addition of calcium ions gave a greater maximum viscosity, the effect of 
increasing the number of micelles by using more highly concentrated milk was studied. 
This should involve less change in the natural ‘salt-balance’ of the milk. 

Concentrated skim-milk (45° solids) was diluted with distilled water to give a range 
of samples of differing concentrations. Portions of these were cooled to 4° C. and adjusted 
to pH 11-6-11:7 by the addition of the appropriate quantity of calcium hydroxide 
suspended in water. The final concentrations of the samples were 19-1, 21-1, 23-2, 25-2, 
31-9 and 39-8% solids, respectively, neglecting the weight of calcium hydroxide. The 
viscosity-time curves for this series except for the 31-9 and 39-8 % samples are presented 
in Fig. 1. 

The samples containing 39-8 and 31-9% solids gelled immediately the alkali was 
added. The viscosity-time curves in Fig. 1 clearly show the characteristic transient 
maximum viscosity. The time at which the viscosity-maximum occurred appeared to 


* The term ‘dispersion’ is used throughout this paper to cover collectively the expansion and disintegration 
of the micelles, 


258 
be ii 
exp 
sam 
Be 
13¢ 
| | 
] 
cal 
rat 
asy 
for 


58 


Viscosity changes in concentrated skim-milk. II 259 


be independent of concentration, while the viscosity at the maximum increased roughly 
exponentially with concentration over the range of concentrations studied. 

The time which elapsed between the appearance of the transient maximum viscosity 
and the final gelation of the system was considerably shorter in the more concentrated 
samples. For instance, the samples with 25-2 and 23-2% solids gelled after 7 and 10 days 
respectively, while the samples containing 21-1 and 19-1% solids were still liquid after 
13 days. 


11,000 
9000 
7000 F 
a 
> 
5000 H 
TS. 232% 
3000 F; 
1000 TS. 211% 
TS. 191% 
0 4 8 12 16 20 
Time (min.) 


Fig. 1. The influence of level of milk solids on the viscosity-time curves of concentrated skim-milk 
adjusted to pH 11-6-11-7 with calcium hydroxide at 4° C. Rate of shear approximately 50 sec.-?. 


Influence of rate of shear 
It was mentioned in Part I that concentrated skim-milk treated with alkali, urea or 
calcium-complexing agents is non-Newtonian, the viscosity decreasing with increase in 
rate of shear. Since such deviations from Newtonian behaviour may be indicative of 
asymmetry of solute particles, of deformation, or of the presence of weak structural 
forces, a study of the dependence of viscosity on rate of shear was undertaken. 
Samples of concentrated skim-milk were treated at 4°C. with calcium hydroxide 
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(pH 11-6-11-7) and with sodium hydroxide (pH 11-0-11-1) and at 30° C. with 1% sodium 
hexametaphosphate together with sufficient sodium hydroxide to give a final pH of 9-3. 
Viscosity-time curves were determined at rates of shear of 11-84, 19-96, 27-45, 50-67 
and 67-99 sec.—!. For the purpose of clarity the curves obtained at three rates of shear 
only are given for each system (Fig. 2). 

Regardless of the reagent employed, a higher rate of shear resulted in a lower viscosity. 
With any one reagent the maximum viscosity occurred in approximately the same time 
at all rates of shear studied. In each of the series the viscosity measured at the lowest 
rate of shear fell with time to a value below that of the maximum obtained at the highest 
rate of shear. For example, the sample treated with calcium hydroxide had a maximum 
viscosity of 3230 cP. at a rate of shear of 67-99 sec.-! while at a rate of shear of 11-84 sec.—! 
the viscosity fell from a maximum of 10,200 cP. to 3230 cP. after 17 min. and continued to 
decrease. In other words the viscosity of these systems is dependent upon both time and 
rate of shear. 


12,000 F 12,000 12,000+ 
11:84sec.1 
10,000 10,000 10,000+ 
~ 
6000 27-45 sec.) 6000F 1184 sec.-1 27-45 sec.-! 
4000 4000 27-45 sec.-"| 4000F 
67-99 sec! 
2000 2000 2000+ 
67:99 
1 


04 8 1216 20 8 12 16 20 8 16 24 32 40 
Time (min.) 
Fig. 2. The effect of rate of shear on the viscosity of concentrated skim-milk (22-7% 1.s.) treated 
with A, calcium hydroxide (pH 11-6-11-7, 3° C.); B, sodium hydroxide (pH 11-0-11-1, 3°C.); C, 
1% sodium hexametaphosphate (pH 9-3, 30° C.). 

The greatest reduction in viscosity brought about by increasing the rate of shear 
occurred when the viscosity was at the maximum. Conversely, the deviation from 
Newtonian behaviour was least, although still appreciable, when the viscosity was at its 
lowest, i.e. the flat portion of the viscosity-time curve. 

When the rate of shear was increased, and after some time decreased to the initial value, 
the viscosity of a sample treated with either calcium hydroxide or sodium hydroxide 
returned to its original value almost immediately (structural viscosity). The viscosity of a 
sample treated with sodium hexametaphosphate, however, took some time to return to its 
initial value (thixotropy). 

The effect of temperature 

Alexander & Johnson (1950) pointed out that the temperature coefficient of viscosity 
may give some indication of the flexibility, asymmetry and interaction of macromolecules 
in solution. A study of the viscosity-time relationships of concentrated skim-milk 
treated at various temperatures by the different reagents was therefore undertaken. 
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Samples of concentrated skim-milk were treated at 3, 5, 7, 9 and 11°C. with sodium 
hydroxide (pH 11-1-11-2) and calcium hydroxide (pH 11-6—11-7) and at 15, 20, 30, 35 and 
40° C. with 1% sodium hexametaphosphate (pH 9-0-9-1). The viscosity-time curves 
obtained are shown in Fig. 3. For the sake of clarity only three curves are given for each 
reagent. 


10,000 10,000+ 
3000 


2500F 


2000+ 


1500r 


Viscosity (cP.) 


500F; 


0 4 8 12 1620 0 4 8 12 1620 0 8 16 24 32 48 
Time (min.) 


Fig. 3. The influence of temperature on the viscosity-time curves of concentrated skim-milk (22°7% 
T.S.) treated with A, calcium hydroxide (pH 11-6-11-7); B, sodium hydroxide (pH 11-1-11-2); C, 1% 
sodium hexametaphosphate (pH 9:0). Rate of shear approximately 50 sec.-1. 
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Fig. 4. The effect of temperature on the maximum viscosity of concentrated skim-milk (22-7 % T.s.) 
treated with sodium hydroxide (pH 11-1-11-2), calcium hydroxide (pH 11-6-11-7) and 1% sodium 
hexametaphosphate (pH 9-0-9-1). Rate of shear approximately 50 sec.—. 


The time at which the maximum viscosity occurred in samples treated with each alkali 
was independent of temperature within the range studied. The viscosity at the maximum 
for the samples treated with the three reagents is shown as a function of temperature in 
Fig. 4. It can be seen that the temperature coefficients of viscosity at the maximum are 
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positive and of the same order for samples treated with sodium hydroxide and with 
calcium hydroxide. The corresponding temperature coefficient for samples treated with 
sodium hexametaphosphate is negative, and moreover the time at which the maximum 
appeared decreased with increase in temperature. 

To determine the effect of temperature on viscosity after completion of the reaction, 
samples of concentrated skim-milk were treated at 3° C. with sodium hydroxide (pH 11-1) 
and with calcium hydroxide (pH 11-6) and held at this temperature for 18 hr., by which 
time the viscosities of these samples were relatively constant. The temperature of each 
sample was allowed to rise slowly to 15° C. and the viscosity recorded for each increase 
of approximately 2° C. 

Another sample was treated with 1° sodium hexametaphosphate (pH 9-1) at approxi- 
mately 20° C. and held for 18 hr. This was then cooled slowly to 4° C. and the change in 
viscosity with temperature measured in the same way. The results are given in Fig. 5. 


L Sodi Sodium 
900 F 1700 F 
800 F 1500 F 
% 
~ 700F 1300 + 
= 
g 600 + 1100 + 
2 
500 F 900 + 
Calcium 
saad | hydroxide 700 F 
300 F 500 
200 A 4 300 1 1 


Temperature (°C.) 


Fig. 5. The influence of temperature on the viscosity of concentrated skim-milk (22-7% 1.8.) 18 hr. 
after treatment with sodium hydroxide (pH 11-1-11-2, 3°C.), calcium hydroxide (pH 11-6-11-7, 
3° C.) and 1% sodium hexametaphosphate (pH 9-1, 20° C.). Rate of shear approximately 50 sec.—}. 


The samples treated with each alkali had positive temperature coefficients of viscosity, 
the system containing sodium hydroxide being much more dependent upon temperature 


than the one containing calcium hydroxide. On the other hand, reaction with sodium | 


hexametaphosphate gave a pronounced negative temperature coefficient of viscosity. 
When each sample was adjusted to the original temperature the viscosity returned to the 
initial value. 

DISCUSSION 


In Part I it was postulated that the transient maximum viscosity was caused by 
a swelling of the casein micelles under the influence of the various reagents and the 
subsequent interaction of these distended micelles. 

The exponential relationship between maximum viscosity and concentration of casein 
micelles described in this paper is in agreement with the concept of interaction, since 
such interaction would be a function of the proximity of the swollen micelles. 
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The dependence of the maximum viscosity on rate of shear can be explained in terms 
of a reduction by shearing forces in the extent of this interaction. One may expect at the 
same time some deformation of the distended micelles and orientation of these deformed 
particles. Since shearing forces did not greatly affect the time at which the maximum 
occurred, it may be concluded that it is mainly the forces acting between, rather than 
within, the swollen micelles that are susceptible to shear; extensive rupture of intra- 
micellar bonds would be expected to increase the rate of dispersion and thus hasten the 
appearance of the viscosity-maximum. 

The reversibility of the effect of shearing forces on viscosity even when the viscosity is 
falling rapidly with time suggests that some swollen micelles are present until the viscosity 
becomes constant. This would be expected if the rate of dispersion were different for 
micelles of different sizes. 

The deviation from Newtonian behaviour exhibited at a later stage of the reaction, 
i.e. on the flat portion of the viscosity-time curve, cannot be attributed to interaction 
alone since molecular asymmetry has been demonstrated in alkaline systems of casein by 
Higgins & Hayes (1951). 

The rate of dispersion of the micelles by calcium hydroxide or sodium hydroxide, as 
indicated by the time taken to reach the viscosity-maximum, was independent of tempera- 
ture in the range studied. On the other hand, the temperature coefficients of maximum 
viscosity were positive and of the same order (Fig. 4). An increase in the concentration of 
micellar casein with temperature might explain in part this phenomenon as it has already 
been shown (Fig. 1) that viscosity varies exponentially with this parameter. The reflect- 
ance studies of Burton (1956) indicated that the size and/or the number of casein micelles 
in skim-milk increased with temperature or upon the addition of calcium ions. (Raising 
the temperature by approximately 10° C. or increasing the calcium concentration by 
0-01 m caused an increase in reflectance of the same order.) It has already been shown in 
Part I that the addition of calcium ions increased the height of the transient maximum 
considerably. 

The casein micelles are dispersed more rapidly at higher temperatures by sodium 
hexametaphosphate (Fig. 3). Despite the increase in the concentration of micellar casein 
with temperature (Burton 1956), the viscosity-maximum decreases, the increased rate 
of dispersion presumably more than compensating for the greater concentration of 
micelles. This is similar to the effect of temperature on the viscosity-time curve of 
concentrated skim-milk dispersed by urea (Part I), and with the postulation that neither 
calcium bridges nor hydrogen bonds alone are sufficient to stabilize the micelles; the 
faster either are broken by a particular reagent the more rapid is the destruction of the 
other and, consequently, the greater is the rate of dispersion. 

Although samples dispersed with each alkali had approximately equal temperature 
coefficients of maximum viscosity, the temperature coefficient of viscosity after comple- 
tion of dispersion was higher with sodium hydroxide than with calcium hydroxide 
(Fig. 5). This suggests a greater degree of solute asymmetry and/or more pronounced 
interaction in samples dispersed with sodium hydroxide, which is in agreement with the 
observation reported in Part I that these systems gel much more rapidly than those 
containing calcium hydroxide. That systems dispersed with sodium hexametaphosphate 
show a marked negative temperature coefficient upon reaching the steady state indicates 
the presence of weak structural forces which are more labile at higher temperatures. It is 
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of interest that sodium caseinate (pH 11-1) and calcium caseinate (pH 11-7) sols prepared 
by dissolving freshly precipitated iso-electric casein in the appropriate alkali show 
negative temperature coefficients of viscosity (Lee, unpublished studies). | SC 

The various effects of casein concentration, temperature and rate of shearonthechanges _ 
in viscosity of concentrated skim-milk treated with alkali, urea or calcium complexing 
agents can thus be explained in terms of the mechanism of dispersion of the casein 
micelles postulated in Part I. 


SUMMARY 


An essentially exponential relationship between maximum viscosity and concentration 
of casein was observed for concentrated skim-milk undergoing treatment with calcium 
hydroxide. Positive temperature coefficients of viscosity were found for samples treated 
with alkali, while negative coefficients were found with sodium hexametaphosphate. The 
time of appearance of the maximum viscosity was independent of temperature in concen- 
trated skim-milk treated with sodium or calcium hydroxide; however, when sodium 
hexametaphosphate was used the maximum appeared earlier at higher temperatures. The 
The viscosity of all systems studied decreased with increasing rate of shear, the deviation | not 
from Newtonian being greatest when the viscosity was at its maximum. The effects are | wor 
explained in terms of a swelling and disintegration of the casein micelles as was postulated thir 
in the previous paper. flav 
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SOME VOLATILE COMPOUNDS IN NEW ZEALAND CHEDDAR 
CHEESE AND THEIR POSSIBLE SIGNIFICANCE 
IN FLAVOUR FORMATION 


I. IDENTIFICATION OF THE VOLATILE CARBONYL FRACTION 


By J. R. L. WALKER anp R. J. HARVEY 
The Dairy Research Institute (N.Z.), Palmerston North, New Zealand 


(Received 27 April 1959) 
(With 3 Figures) 


The nature of the compounds responsible for the typical flavour of Cheddar cheese has 
not yet been established in spite of a considerable amount of investigation by many 
workers in recent years. There appear to be two schools of thought. One group tends to 
think of a single compound or small group of compounds as being responsible for the 
flavour, much in the same way that diacetyl is responsible for the flavour of butter. 
Suzuki, Hastings & Hart (1), some of the earliest workers in this field, sought such a key 
flavour compound but identified only ethanol and ethyl acetate in their neutral ‘flavour 
solution’. 

The second school tends to believe that cheese flavour is the result of a delicate balance 
between a large number of compounds, which, individually, do not possess a flavour 
resembling that of Cheddar cheese. These ideas seem to have predominated in recent 
years. In this connexion the formation of free amino acids in maturing cheese has been 
extensively investigated and, while the evidence indicates that they are not the major 
flavour constituents (2,3), some workers believe that they provide a ‘background’ which 
is a part of the complete cheese flavour(4). Diacetyl, the main flavour constituent of 
butter, does not appear to be involved in cheese flavour; although it is present in young 
cheese (5) it decreases in concentration as the cheese matures(6). A mixture of various 
carbonyl compounds, particularly some of the methyl ketones, has been shown to be an 
important factor in the flavour of mould-ripened cheeses (7,8), but this does not necessarily 
mean that these compounds play a part in Cheddar cheese flavour, which has quite a 
different character. Recently, however, Patton, Wong & Forss(9) have shown that some 
methyl ketones (2-heptanone, 2-butanone and acetone) are present in Cheddar cheese. 
The present paper is a report of the results of a study of the carbonyl compounds present 
in steam distillates of New Zealand Cheddar cheese, and some evidence is presented that 
they play a part in cheese flavour. 


EXPERIMENTAL METHODS 
Isolation of volatile carbonyl compounds from cheese 
Throughout this work 2:4-dinitrophenylhydrazine (DNPH) reagent (2 g./l. in 2N-HCl) 


was used to detect and identify carbonyl compounds. Use of this reagent has many 
advantages, namely: group specificity; insolubility of derivatives in water; large increase 
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in molecular weight of derivatives; availability of methods of separation and identification 
of individual hydrazones by paper chromatography, absorption spectroscopy and melting 
points. 

All the cheeses used in these experiments were manufactured in the Institute’s experi- 
mental factory and after 8-12 months were judged to have typical mature Cheddar 
flavour. About 4 kg. of cheese were coarsely shredded into a 10 1. bolt-head flask together 
with 2 1. of distilled water and the mixture was steam distilled. Only the first 1500 ml. 
of distillate was collected. This was neutralized to phenolphthalein by the addition of 
a saturated solution of barium hydroxide and concentrated by redistilling and collecting 
the initial 100 ml. of distillate. In later experiments the first steam distillate was led 
directly into 50 ml. of DNPH reagent to avoid any loss of volatile carbonyl compounds. 
The distillate and reagent were held at 45°C. for 2 hr. then stored at 4° C. overnight 
prior to filtering through a sintered glass filter. The precipitate was washed with water 
and dried over solid calcium chloride. 


Preparation of authentic derivatives 


Authentic 2: 4-dinitrophenylhydrazones of the aliphatic aldehydes and methyl ketones 
were prepared and recrystallized from suitable ethanol/water mixtures. The mono- 
hydrazone of diacetyl was prepared by treating an excess of the compound with DNPH 
reagent. The bis-hydrazone of this compound was made by refluxing excess DNPH 
reagent with diacetyl for 1 hr. This derivative was recrystallized from nitrobenzene. The 
2:4-dinitrophenylhydrazone derivatives of acetoin (3-hydroxybutane-2-one) and diacetyl 
could not be used to differentiate these compounds since acetoin is oxidized on treatment 
with DNPH reagent to yield the bis—hydrazone of diacetyl. 


Chromatographic separation of 2:4-dinitrophenylhydrazones 


Preliminary separation and identification of the mixed hydrazones was carried out by 
the method of Lynn, Steele & Staple (10) using 2-phenoxyethanol-impregnated paper as 
the stationary phase and heptane as the mobile phase. Since it was necessary to allow 
the developing solvent to drip off the lower end of the chromatogram paper in order to 
achieve good separation, conventional R; values could not be easily established. Identifica- 
tion was therefore made by R,,;. values (distance moved relative to the hydrazone of 
2-butanone). Graphs of R,,; values of the n-aliphatic aldehydes and methyl ketones 
plotted against the number of carbon atoms in the chain are shown in Fig. 1. 

Large-scale separation of the mixed hydrazones was achieved by partition between 
nitromethane and petroleum ether on keiselguhr columns (11). 


Absorption spectra 


In order to record, for identification purposes, the absorption spectra of the individual 
hydrazones the separated spots on the paper chromatograms were carefully cut out, 
eluted with 5 ml. of ethanol, and their absorption spectra plotted over the range 
320-400 my using a Beckman Model DU spectrophotometer. An equivalent clear area 
of the same chromatogram paper was similarly eluted to provide a solvent blank to 
compensate for any possible effects of the 2-phenoxyethanol with which the chromato- 
gram papers were impregnated. For further confirmation the ethanolic extracts were 
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subsequently made alkaline by the addition of 0-5 ml. of ethanolic KOH (10% w/v). 
After standing for 60 min. their new absorption spectra were recorded over the range 
320-550 mp. 


2-0F 
$ 

1:0F 

2 4 6 8 10 12 


Number of carbon atoms 


Fig. 1. The plot of Ry, values of the 2:4-dinitrophenylhydrazones of the n-aliphatic aldehydes ([]) and 
methyl ketones (©) against number of carbon atoms in the chain of the carbonyl compound. 


EXPERIMENTAL RESULTS 


The original concentrated distillate prepared by the methods described possessed a 
strong Cheddar cheese aroma. On treating the distillate with DNPH reagent a strong 
positive test for carbonyl compounds was observed, and at the same time a marked change 
in the aroma of the distillate was noticed. Precipitation of the carbonyl compounds with 
DNPH reagent removed some part of the flavour aroma, thereby considerably modifying, 
but not completely destroying, the original Cheddar aroma of the distillate. When the 
distillate was treated with 2n-HCl only, no change in aroma was observed. This marked 
difference in aroma between the original distillate and the distillate after treatment with 
DNPH reagent was checked on several occasions by unbiased observers. It would 
therefore seem reasonable to assume that the volatile carbonyl compounds make a 
contribution to the flavour of Cheddar cheese. 

Examination, by paper chromatography, of the precipitate of 2:4-dinitrophenyl- 
hydrazones from a typical experiment revealed the presence of eleven component carbonyl 
compounds. In order to differentiate aldehyde and ketone components the individual 
spots on the chromatogram were eluted and their characteristic absorption spectra in 
ethanol and ethanolic KOH determined as already described. The results of these experi- 
ments are recorded in Table 1. 

As the work proceeded it became evident that the data provided by Braude & Jones (12) 
on the absorption spectra of the 2:4-dinitrophenylhydrazones of carbonyl compounds 
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Absorption maxima (mp) Melting point (°C.) Cone. 0 
Chromato- Parent In ethanolic KOH Colour in Authen- Concn. compoun 
gram Rout. carbonyl — OOH alkaline From tic in spot in ch 
spot value compound Ethanol Major Subsidiary solution cheese sample Mixed (y moles) (p.p.m. 
A 0:06 Acetoin and/or 352 510 340 Violet 317 3316S 3316 
diacetyl 
B 0-08 Unknown 357 428 520 Red-brown — — 
C 0:26 Diacetyl (mono- 354 500 347 Rose-red 
hydrazone) 
D 0-46  Acetaldehyde 358 408 500-510 166 168 166 0-94 2-65 
(inflexion) 
E 0-80 Acetone 360 430 525 124 126 126 0-24 0-86 
F 1-0 2-Butanone 360 432 525 116 Ti7 116 0-17 0-80 
G 1:3 2-Pentanone 360 432 526 » Red-brown <, 142 142 142 0:45 2-47 
H 1-8 2-Heptanone 361 433 527 85 87 85 0-94 6-60 
I 2-2 2-Nonanone 364 433 534 — — — 0-18 1:70 
J 2-7 2-Undecanone 364 434 534 0-07 0-83 
K 3-1 2-Tridecanone 365 435 530 / — — Trace 
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could be profitably extended to include the spectra of these compounds in alkaline 
solution. Opportunity was therefore taken to study the spectra of hydrazones of repre- 
sentative aldehydes and ketones as an aid to their future identification. Previous 
workers (13,11) have reported that solutions of hydrazones in ethanolic KOH fade rapidly, 
but it was found that the alkaline solutions yielded reproducible spectra after standing 
60 min. at room temperature. As can be seen from Fig. 2 and Table 2 the spectra of 
aldehyde and ketone hydrazones are quite distinctive, the most obvious difference 
occurring between 500 and 550 my. In this region aldehydes show an inflexion, whereas 
ketones show a subsidiary absorption maximum. Thus the aldehyde or ketone structure 
of a spot on a paper chromatogram can be established and therefore the appropriate 
curve in Fig. 1 can be chosen for determination of chain length. Bis-hydrazones of 
dicarbonyl compounds were identified by the red-violet coloration that these compounds 
give when treated with alkali (14). 


Table 1. Properties of 2:4-dinitrophenylhydrazones of volatile carbonyl compounds 
isolated from Cheddar cheese 


Using the data summarized in Table 2 and Fig. 1 the following compounds were 
tentatively identified in the distillates from mature New Zealand Cheddar cheese: 
acetoin; diacetyl; acetaldehyde; acetone; 2-butanone; 2-pentanone; 2-heptanone; 
2-nonanone; 2-undecanone. Some cheese distillates also yielded traces of another higher 
ketone, probably 2-tridecanone. Authentic derivatives of these compounds, except 
2-tridecanone which was not available, gave spots with identical R,,,, values when applied 
as marker spots alongside hydrazones from the cheese distillate. One of the slower 
moving spots (spot B) has yet to be identified. Its absorption spectra, shown in Fig. 3, 
indicate both ketone and aldehyde groupings; the presence of an aldehyde group was 
further confirmed by oxidizing the distillate with ammoniacal AgNO,, prior to reacting 
with DNPH reagent. This treatment resulted in the disappearance of spot B and the 
acetaldehyde spot. However, since this compound is also present in young cheese 
(1 week old), it probably does not play a major role in flavour formation. 

To identify more certainly the individual carbonyl compounds, the mixed hydrazones 
from several batches of cheese were pooled and separated by column chromatography. 
The chromatographic fractions were carefully evaporated to dryness by means of a stream 
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of warm air and, if quantity permitted, recrystallized from ethanol. Further purification 
was achieved by use of the micro-sublimation technique described by Morgan, Forss & 
Patton(15). The results of this experiment are included in Table 1. The hydrazones of the 
higher ketones have low melting points and, in the micro-quantities available, crystals 
could not be obtained from the brownish-orange oils that remained after evaporation of 
the eluting solvent. 


04 
Ethanol Ethanolic KOH 


Optical density 
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01 
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Fig. 2. Comparison of the absorption curves of the 2:4-dinitrophenylhydrazones of n-butanal 
4-6 mg./l. (----) and 2-butanone, 3-6 mg./l. (——) in ethanol and ethanolic KOH. 


Table 2. Absorption maxima for identification of 2: 4-dinitrophenylhydrazones 


of carbonyl compounds 
Amax. ethanolic KOH 
A Colour in 
ethanol Major Subsidiary Inflexion alkaline 
Compound (my.) (myz.) (muz.) solution 
2:4-dinitrophenylhydrazine 352 390 — — Pale green 
reagent 
Formaldehyde 348 432 360 — | 
R-CHO 356-360 400-430 500-510 
Acetaldehyde 358 408 — 500-510 
n-Butanal 358 428 _— 500-510 
n-Heptanal 358 428 — 500-510 
Methional 359 419 500-510 | 
R-CO-CH,; 361-365 480-435 525-540 
Acetone 362 430 525 ~ 
2-Butanone 362 432 525 _— 
2-Pentanone 361 432 526 — 
2-Heptanone 361 434 527 —_ 
Acrolein 366 370 —_ 430 
Furfural 387 470 Red 
Diacetyl (mono) 351-355 500 345-350 — Rose-red 
Methyl] glyoxal (mono) 352 495 340 _ Rose-red 
Diacetyl (bis) 351-353 505-530 340 Violet 
Methyl glyoxal (bis) 352 535 350 _— Violet 


An endeavour was made to gain an approximate estimate of the levels of each carbonyl 
compound in the cheese distillate. In one typical experiment the distillate from 4 kg. of 
cheese yielded 44 mg. of mixed hydrazones. A suitable aliquot (8-6 mg.) of this mixed 
hydrazone precipitate was dissolved in 1 ml. of ethanol and 0-02 ml. of this solution was 
applied to the chromatogram paper. After development, each spot was eluted with 

17 Dairy Res. 26 


ine 
Te- 
US 
ly, 
ng 
of 
ice 
: 
‘ 
‘ ‘ 
te ' ' 
a A 
A 
% 
4 
4 
a 
Cone, 0 
-arbony 
poun 400 500 
n chees 
(p.p.m, 
2-65 
0-86 
0-80 
2-47 
6-60 
1-70 
0-83 
r 
r 
"4 
> 
=] 


270 Volatile flavour compounds in Cheddar cheese. I 


ethanol and its maximum absorption measured. Using an average value for ¢,,,,. 
derived from the data given by Braude & Jones (12) the concentration of each carbony| 
compound could be calculated (see Table 1). The concentrations of acetoin and diacety] 
were not determined. 


03 
. Ethanol Ethanolic KOH 
> 
a 
0-1 
L iT L Ll l j 
320 360 400 400 500 


Wavelength (my) 


Fig. 3. Absorption spectra of the 2:4-dinitrophenylhydrazone of unknown ‘spot B’ 
(see text) in ethanol and ethanolic KOH. 


DISCUSSION 


Methyl ketones, together with lower fatty acids, have been shown to be the major flavour 
constituents of mould ripened cheese such as Roquefort (7,8). The possible relationship to 
the characteristic flavour of Cheddar cheese of the various carbonyl compounds reported 
in this study is not as clear-cut, since there exists a range of modifications of the basic 
Cheddar cheese flavour which appeal to various observers in different ways. In the 
opinion of the authors the carbonyl compounds are responsible for part, but not all, of 
the Cheddar cheese aroma. 

The mode of formation of these carbonyl compounds and the micro-organisms 
responsible for the necessary enzymes presents an interesting and important problem 
since the interior of ripening Cheddar cheese provides an anaerobic environment for 
bacteria and a high local concentration of CO, (16). It has already been demonstrated that 
the various methyl ketones found in mould ripened cheese are formed by the action of 
fungal enzymes on the free fatty acids in the cheese(17). This process is considered to be 
oxidative in nature and to occur by the following mechanism: 


oxidation 
R-CH,:CH,- COOH ————_> R- CO- CH, COOH ——— R-CO-CH,+ CO, 
A reaction of this type will give rise to methyl ketones containing one carbon atom less 
than the parent fatty acid; for example, decanoic acid will finally yield 2-nonanone. 
However, the anaerobic conditions prevailing in the body of a Cheddar cheese would not 
be expected to favour this type of oxidation reaction. If the sources of the enzymes 
responsible for the formation of the carbonyls in Cheddar cheese could be identified it 
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might enable some degree of control to be exerted over the ripening process, since pre- 
liminary results (to be reported in detail later) have shown that there is a progressive 
change in relative concentrations of the various carbonyl compounds as the cheese ripens. 

The formation of acetoin and diacetyl in cheese is almost certainly due to the metabolic 
activities of the starter organisms or the homofermentative lactobacilli(18,19), but 
according to Dacre (2) and Calbert & Price (5) these compounds diminish in concentration 
as the cheese matures and are therefore of little significance with regard to flavour. 
Acetaldehyde may also be a product of starter metabolism since it has been detected in 
skim-milk cultures of Streptococcus lactis (20) and Str. cremoris (21). 

Several American workers 22,23) have recently suggested that the Strecker amino-acid 
degradation reaction (24) may play a part in Cheddar cheese flavour formation. This 
reaction involves the degradation of an amino acid to an aldehyde thus: 


R-CH NH,:COOH + R’:CO- CO: CHO + CH NH, -CO- R” 


These workers further suggested that methional (3-methylthiopropanal), which is pro- 
duced by the Strecker degradation of methionine, may be a key component of Cheddar 
cheese flavour. Attempts to confirm this finding met with no success. Methional could 
not be detected in the steam distillates from cheese and a synthetic sample (prepared by 
the reaction of ninhydrin with methionine) failed to give any sort of ‘cheesey’ sensation 
when presented to a flavour panel at a range of dilutions such that the lowest dilution had 
no perceptible odour. If a degradation reaction of this type, which may or may not be 
brought about by enzyme action, is functional during the ripening process it would be 
reasonable to suppose that its action would not be confined solely to methionine, and 
therefore a variety of aldehydes should be found. The necessary amino acids and com- 
pounds containing adjacent carbonyl groups (e.g. pyruvic acid and diacetyl) are already 
known to be present in maturing cheese (2,25) yet no aldehydes, except acetaldehyde, 
were found in the distillates. 

The results presented here suggest that a range of methyl ketones plays some part in 
the formation of Cheddar cheese flavour. It is also of interest to note that, according to 
an abstract report, Day & Keeney 26) have found a similar range of carbonyl compounds 
to be present in mature American Cheddar cheese. If this is so the results argue against 
the single key component theory and favour Kosikowski’s theory of component balance @7) 
according to which cheese flavour is the result of a critical balance of many component 
compounds. Further studies of the rate of appearance of the various carbonyl compounds 
in maturing New Zealand Cheddar cheese will be reported in a later paper. 


SUMMARY 


Flavour concentrates from mature New Zealand Cheddar cheese were prepared by steam 
distillation methods. Using 2: 4-dinitrophenylhydrazine reagent the presence of carbonyl 
compounds in the distillate was established. By means of paper chromatography, and 
other methods, the following compounds were identified in the distillate: acetoin, diacetyl, 
acetaldehyde, acetone, 2-butanone, 2-pentanone, 2-heptanone, 2-nonanone and 2-unde- 
canone, and their approximate concentrations in New Zealand Cheddar cheese were 
determined. The possible role of these compounds in the formation of Cheddar cheese 


flavour is discussed. 
17-2 
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Some volatile compounds in New Zealand Cheddar cheese and 
their possible significance in flavour formation 


II. Volatile compounds of sulphur 


By J. R. L. WALKER 
The Dairy Research Institute (N.Z.), Palmerston North, New Zealand 


(Received 26 May 1959) 


In a previous paper (Walker & Harvey, 1959) the isolation of various methyl ketones 
from steam distillates of mature Cheddar cheese was described and their probable 
significance in cheese flavour was discussed. The present paper is a report on the identifica- 
tion of volatile sulphur compounds from mature cheese and on the part that they may 
play in cheese flavour. 

During recent years various organic sulphur-containing compounds have been shown 
to be major constituents of a diverse range of food flavours. In high concentrations 
many organic sulphur compounds have a highly unpleasant odour (e.g. methyl 
mercaptan), but in trace amounts they have been shown to be normal components of 
food flavours. For example, dimethyl sulphide has been identified in whole milk (Patton, 
Forss & Day, 1956) and has also recently been reported to be present in Cheddar cheese 
(Patton, Wong & Forss, 1958). Other sulphur compounds such as hydrogen sulphide and 
mercaptans have been found in beer (Brenner, Owades, Gutcho & Golyzniak, 1954); 
ethyl 3-methylthiopropionate in pineapple (Haagen-Smit, Kirchner, Deasy, & Prater, 
1945); allyl iso-thiocyanate in mustard (Gadamer, 1897), and dimethyl disulphide has 
been identified in the vapours from boiling cabbage (Dateo, Clapp, MacKay, Hewitt & 
Hasselstrom, 1957). 


EXPERIMENTAL METHODS AND RESULTS 


Two basic techniques were used throughout this work, gas entrainment and steam 
distillation. In the former method volatile compounds were removed from a cheese slurry 
by means of a stream of nitrogen and subsequently analysed in a train of suitable 
absorption traps. The details of the latter method have already been described ina previous 
paper (Walker & Harvey, 1959). As would be expected, steam distillation allowed the 
isolation from a cheese slurry of compounds having a relatively high boiling point as 
well as the more volatile compounds which were isolated by the gas entrainment technique. 


Gas entrainment experiments 


About 4 kg. of mature (8-12 months old) New Zealand Cheddar cheese were coarsely 
shredded into a 10 1. bolt-head flask containing 2 |. of distilled water. The flask was fitted 
with a gas inlet tube and an efficient reflux condenser. It was heated on a boiling water- 
bath and a stream of nitrogen passed through it for 24 hr. The cheese slurry usually 
attained a temperature of 75-85° C. The issuing gas was led from the top of the reflux 
condenser into a train of traps containing suitable reagents, specific for various classes 
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of sulphur compound. Odouri.3s plastic tubing was used for all connexions in these 
experiments, since rubber tubing often possesses an appreciable odour. The train of 
absorption traps was similar to that used by Dateo et al. (1957) in their studies on cooked 
cabbage flavour, and contained the following reagents. 

(1) Anhydrous calcium chloride to remove water vapour. 

(II) Crystalline lead acetate to remove hydrogen sulphide (dry mercaptans do not 
react with lead acetate). 

(III) Mercuric cyanide (3°% (w/v) solution) to remove mercaptans. 

(IV) Mercuric chloride (3% (w/v) solution) to remove organic sulphides and disulphides. 

In some experiments traps I and II were replaced by one containing an acid solution 
of cadmium sulphate (5% (w/v) in 0-2N-HCl) which will also selectively remove hydrogen 
sulphide but will not react with organic sulphur compounds. 

After passage of a stream of nitrogen through the heated slurry for 24 hr. the lead 
acetate trap showed considerable blackening, indicative of hydrogen sulphide, but no 
precipitate could be detected in the mercuric cyanide or mercuric chloride traps. When 
a cadmium sulphate trap was used a bright yellow precipitate of cadmium sulphide was 
observed. It was thus apparent that hydrogen sulphide was the predominant sulphur 
compound in the volatiles from Cheddar cheese. The aroma of the gas stream leaving the 
reflux condenser was strongly suggestive of the odour of Cheddar cheese, but after 
removal of hydrogen sulphide the aroma was markedly altered although it was still 
reminiscent of that of Cheddar cheese. When a fifth trap containing 2: 4-dinitrophenyl- 
hydrazine reagent (2 g./l. in 2N-HCl) was added to the absorption train a precipitate 
of hydrazones was formed. The aroma of the nitrogen stream issuing from this fifth trap 
was devoid of any cheese aroma. There was thus some evidence in favour of hydrogen 
sulphide and carbonyl compounds being major constituents of cheese flavour. 

The precipitate of hydrazones in trap V was examined by paper chromatography using 
the techniques described in detail in the previous paper (Walker & Harvey, 1959). The 
following carbonyl compounds were identified: acetoin, diacetyl, acetaldehyde, acetone, 
2-butanone, 2-heptanone. As would be expected from the experimental conditions used, 
the higher methyl ketones were only present in trace amounts. 


Steam distillation experiments 


As an alternative approach to the problem, concentrated flavour distillates were pre- 
pared by the steam-distillation technique described in the previous paper (Walker & 
Harvey, 1959). In order to ensure complete removal of all sulphur compounds, the 
distillates were treated with an equal volume of 3% (w/v) mercuric chloride. Addition of 
this reagent caused a marked change in the aroma of the distillate and a small quantity 
of a brownish-white precipitate was formed. The solution was stored overnight in the 
refrigerator and then filtered. From 3-5 kg. of cheese 9 mg. of precipitate were obtained. 
The filtrate had an odour suggestive of carbonyl compounds; the presence of these com- 
pounds was confirmed by means of 2: 4-dinitrophenylhydrazine reagent, and their removal 
by the reagent destroyed the cheesy aroma of the solution. 

An attempt was made to identify the mercuric chloride precipitate. A portion of the 
precipitate was warmed with dilute sodium hydroxide but no odour was detected; thus 
the absence of volatile organic sulphides was indicated. Acidification of this mixture 
gave a faint odour of hydrogen sulphide. The remainder of the precipitate was refluxed 
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with 3N-HCland any volatile products of this reaction were passed, by means of a nitrogen 
stream, into a series of absorption traps similar to those already described. Only hydrogen 
sulphide was detected in the gas stream; thus the previous results were confirmed. 

Another similar batch (100 ml.) of concentrated distillate from cheese was treated with 
50 ml. of acid cadmium sulphate solution (5% (w/v) in 0-2N-HCl) in order to remove 
hydrogen sulphide. The volatile carbonyl compounds were recovered from this treated 
solution by steam distillation. Attempts were then made to reproduce the aroma of the 
original distillate by addition of hydrogen sulphide. A range of samples containing 
different amounts of hydrogen sulphide was presented to a tasting panel, and two adjacent 
samples at the lower end of the range were judged to possess aromas resembling the 
parent steam distillate from Cheddar cheese. 


DISCUSSION 


The evidence presented in the experimental section of this paper suggests that hydrogen 
sulphide plays an important part in the aroma of Cheddar cheese. The precise concentra- 
tion of this compound in cheese is of paramount importance since an excess gives rise 
to defects (Sherwood, 1939; Barnicoat, 1950). 

Kristoffersen and Nelson (1955) studied the formation of hydrogen sulphide in ripening 
American Cheddar cheese and found that the concentration increased as the cheese 
matured. For example, in a 10-month-old cheese the hydrogen sulphide level was found 
to have reached 19 myg./100 g. Barnicoat (1950) in his studies on discoloration in New 
Zealand Cheddar cheese found that a total concentration of sulphydryl groups greater 
than 35yg./g. resulted in discoloured and off-flavoured cheese. Another sulphur com- 
pound, dimethyl sulphide, has been reported as a constituent of cheese flavour (Patton 
et al. 1958) and this compound has also been identified in milk (Patton et al. 1956). 
Failure to identify this compound in the present study could be due to the very low 
concentration at which it may be present. 

The formation of hydrogen sulphide (and dimethyl sulphide if present) is almost 
certainly a result of the action of bacterial enzymes on the sulphur-containing amino acids 
such as cysteine, cystine and methionine. Kristoffersen & Nelson (1955) found that a few 
strains of Lactobacillus casei had the ability to form hydrogen sulphide but it is not a 
common property of the species, and moreover this species is not commonly found in the 
bacterial flora of New Zealand Cheddar cheese in which L. plantarum is the predominant 
species of lactobacillus (Sherwood, 1939). The possibility also exists that the liberation 
of hydrogen sulphide when Cheddar cheese is heated may be due to the decomposition 
of some, as yet unknown, thermolabile precursor present in the cheese. An analogous 
situation occurs when cabbage is cooked, the L-S-methylcysteine sulphoxide present in 
the cabbage being decomposed by heat to yield dimethyl! disulphide (Dateo et al. 1957). 

On the basis of the results presented in this and the previous paper the author suggests 
that carbonyl and sulphur compounds are the two classes of compound of major import- 
ance in Cheddar cheese flavour. However, this does not exclude other compounds such 
as the free fatty acids and amino acids from playing a part in the general background 
flavour upon which the main cheese flavour is superimposed. Individually, none of the 
compounds reported in the present studies has an aroma suggestive of Cheddar cheese, 
but when they are combined in the correct proportions and at the right dilution the 
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characteristic aroma of Cheddarcheese is approached. Furthermore, it must be remembered 
that any process, such as extracting and distilling, used in collecting the flavour sub- 
stances from cheese may cause slight chemical changes which will result in the aroma of 
the distillate being not exactly identical with the aroma of the original cheese. In these 
experiments there seemed to be a slight difference between these two aromas which it was 
not possible to define. The distillate was certainly ‘cheesy’ but perhaps not exactly the 
same as cheese. Thus it would be more correct to say that a mixture of carbonyl com- 
pounds in the right proportions, plus a trace of hydrogen sulphide, possesses an aroma 
resembling that of a cheese distillate rather than that of an actual cheese. Whether this 
difference is significant in chemical terms is not yet known. 


SUMMARY 


The volatile sulphur compounds present in New Zealand Cheddar cheese have been 
studied by means of gas entrainment and steam-distillation techniques. Hydrogen 
sulphide was the only sulphur compound which could be detected, and after removal of 
this compound from the gas stream or steam distillate only a mixture of carbonyl com- 
pounds remained. Subsequent removal of these compounds completely destroyed the 
original cheesy aroma of the gas stream or distillate. 

The parts played by hydrogen sulphide and carbonyl compounds in Cheddar cheese 
flavour are discussed. 


The author wishes to record his gratitude to Dr H. R. Whitehead and Dr W. A. 
McGillivray for their helpful advice and criticism and to Mr P. L. McLaughlin for technical 
assistance. 
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PARTITION OF RIBOFLAVIN IN COW’S MILK 


By V. V. MODI,* E. C. OWEN anp R. A. DARROCH 
The Hannah Dairy Research Institute, Kirkhill, Ayr 


(Received 1 May 1959) 


Chanda, McNaught & Owen(1) found that injection of thyroxine increased the ratio of 
bound to free thiamine (vitamin B,) in the milk of the cow, and Thompson ?) found that 
ingestion of iodinated casein had the same effect. Injection of thiouracil (1) decreased this 
ratio, but neither thyroxine nor thiouracil affected the total output of thiamine in the 
milk. The increase of the bound form engendered by thyroxine was due partly to an 
increase in thiamine pyrophosphate (cocarboxylase) and partly to an increase in protein- 
bound thiamine. The riboflavin of cow’s milk is partly free and partly combined in a 
non-ultrafiltrable form (3). The bound riboflavin is in the form of flavinadenine dinucleotide 
(FAD) for when set free, presumably from protein, by trichloroacetic acid, it behaves 
like FAD on chromotography or electrophoresis. The following experiments were done 
to see whether injection of thyroxine affects the partition of riboflavin between its free 
and its bound forms in cow’s milk. 


EXPERIMENTAL 


Six Ayrshire cows, 1 month calved, were used. The experiment was divided into Period 1 
of 20 days, Period 2 of 14 days and Period 3 of 20 days. During Period 2 three of the 
cows each received subcutaneously 6-2 mg. L-thyroxine (sodium salt) daily. Total and 
bound riboflavin were determined in the milk. Milk yields and alkaline phosphatase in 
the milk and the heart rate of each cow were recorded to show whether the thyroxine 
was producing its expected physiological effects. 

Heart rate was recorded at the time of afternoon milking each day. Alkaline phospha- 
tase was estimated by the method of Kay, Aschaffenburg & Neave (4), and total riboflavin 
in milk by the method of Bessey, Lowry & Love) in which the fluorescence of the ribo- 
flavin was measured directly in the supernatant liquid from a precipitation of the milk 
with trichloroacetic acid. After neutralization with K,HPO,, the fluorescence of the 
solution was measured in a laboratory-built fluorimeter of the Lowry (6) type as described 
by Crossland, Owen & Proudfoot (7). To estimate the partition of riboflavin between the 
free and bound forms a chromatographic separation was made. The milk was treated in 
the cold with trichloroacetic acid to liberate FAD from its combination with protein. 
The precipitate was rejected, and the remaining liquid was neutralized with K,HPO, and 
extracted with phenol. Addition of ether to the phenol threw out an aqueous phase 
containing all the riboflavin and the FAD. Residual ether in the separated aqueous phase 
was evaporated by warming in hot water. Portions of the aqueous extract were chromato- 
graphed on Whatman no. 31 paper as described by Crossland et al (7). The riboflavin spot 
was then eluted and measured fluorimetrically. The difference between the total and that 
eluted from the chromatogram gave a measure of riboflavin bound to protein as FAD. 


* Present address: University of Baroda, Baroda, India. 
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RESULTS 


The average yields for the three cows which received thyroxine in Period 2 were 35, 37 and 
32 lb. milk per day in Periods 1, 2 and 3, respectively. The corresponding yields of the 
untreated cows were 36, 30 and 30 lb. milk per day. The effect of thyroxine on the yields 
was shown most clearly when Period 2 was compared with Period 3 in which the yields 
of the control cows were maintained, while those of the cows which had been treated with 
thyroxine showed a marked decline. Such a decline in milk production is to be expected 
when thyroxine treatment is suddenly discontinued (8). With the cows which did not 
receive thyroxine the milk phosphatase increased as lactation progressed as would be 
expected (9). In Periods 1, 2 and 3 the phosphatase titres of these control cows were 168, 
234 and 402 units, respectively, the corresponding figures for the treated cows being 181, 
139 and 251 units, so that the thyroxine treatment in Period 2, as expected from our 


Table 1. Rates of decline of the concentration of total riboflavin throughout the whole experi- 
ment of 54 days, calculated from the equation of the straight line fitted by the method 
of least squares and passing through the average of the data for each cow 


Rate of decline 
(ug-/ml. milk/day) 


Estimated initial concentration 


Cow no. of riboflavin (ug./ml. milk) 


1 0-86 — 0-003 
| Experimental cows | 1-07 — 0-006 
3 1-09 - 0-010 
4 1-09 — 0-005 
| Control cows | 0-92 — 0-004 

0-87 — 0-003 


Table 2. The concentrations of total and ‘bound’ riboflavin (ug./ml.) in the milk, with 
standard deviations 


(Each value is an average for the number of days shown in parentheses.) 


Period 
1 3 
Total Bound Total Bound Total Bound 


0-84 (11) 
0:98 +.0-07 (10) 
0-91 0-09 (12) 
1-04-4004 (11) 
0-89 0-08 (11) 
0-84 +.0-04 (10) 


= 


0:19 (4) 
0-26 +0-09 (5) 
0-21 0-07 (6) 
0-18 +.0-04 (5) 
0-16 +0-02 (4) 
0:18 (4) 


0:79 +.0-07 (10) 
0:87 40-09 (11) 
0-81 0-05 (10) 
1-01 -£0-02 (11) 
0:83 40-07 (10) 
0-82 + 0-02 (11) 


0-16 40-04 (5) 
0:21 40-04 (6) 
0-14 +0-06 (5) 
0:20 +0-05 (6) 
0-13 0-04 (6) 
0:20 (5) 


0-73 0-07 (14) 
0-90-+40-07 (14) 
0-76 40-05 (14) 
0-88 +.0-06 (14) 
0-76 +0-07 (14) 
0-74 +.0-08 (14) 


0-16 40-04 (7) 
0:18 +0-08 (7) 
0:15-0:05 (6) 
0-18 +.0-05 (6) 
0:14+0-04 (6) 
0:15 0-04 (7) 


* In Period 2 cows I, 2 and 3 received 6-2 mg. L-thyroxine/day subcutaneously. 


earlier experiments (10), diminished the phosphatase in that period. The average heart 
rates for the three control cows in Periods 1, 2 and 3, respectively, were 75, 72 and 
72 beats/min. For the treated cows the average heart rates were 75, 82 and 74. In all the 
treated cows the average heart rate was greater during treatment than it was either 
before or after treatment, whereas in the control cows, the average heart rates in Period 2 
were smaller than those in Period 1, and they did not increase in Period 3. It was clear 
therefore that the thyroxine treatment was having its expected physiological effects. 
As in the previous experiment (1) there was a steady but gradual fall in the concentra- 
tion of total riboflavin in the milk and this was found to be unaffected by the thyroxine 
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treatment. The separate figures for total riboflavin have not therefore been recorded. 
Instead a straight line was fitted by the method of least squares to the riboflavin 
concentrations to give an estimated rate of decline, and these are recorded in Table 1. 
The amounts of bound riboflavin (combined as FAD) and of total riboflavin in the milk 
in Periods 1, 2 and 3 are shown in Table 2. The concentrations recorded in that table show 
that there was no change in the ratio of combined to free riboflavin. 


DISCUSSION 


These results confirm our previous observation (1) that the concentration of total riboflavin 
in the milk of the cow, like that of total thiamine, was not changed by thyroxine. This 
lack of change of the total is what would be expected since riboflavin, like thiamine, is 
produced in the lactating ruminant by the rumen bacteria(7), but the lack of effect of 
thyroxine on the extent of phosphorylation of riboflavin is in marked contrast to its effect 
on ester phosphorus and on thiamine pyrophosphate in milk, both of which were found 
in the previous experiments to be much enhanced when thyroxine was injected into the 
cow (1,10). Possibly the increased mammary metabolism engendered by thyroxine causes 
a need for energy-rich compounds of phosphoric acid in the mammary epithelium with 
a disproportionate increase in cocarboxylase and hexose phosphates, for, since the experi- 
ments of Chanda & Owen (10) were done, McGeown & Malpress(11) have shown that ester 
phosphorus is mainly glucose-1-phosphate and that it is the chief precursor of lactose. 

The absence of evidence of an increase in the phosphorylated form of riboflavin (FAD) 
in the present experiments calls for some explanation. The FAD in cow’s milk, being non- 
ultrafiltrable(3) and being unaffected by the enzyme system of Manson & Modi(12), is 
probably bound to protein. Thus the behaviour of riboflavin differs from that of thiamine, 
for Chanda et al.(1) found that thyroxine increases the proportion of thiamine which is 
protein-bound. 

These differences between the effects of thyroxine on thiamine and on riboflavin may 
be associated with the fact that whereas the rat’s requirements of thiamine are propor- 
tional to its intake of calories from foods other than fats, no such proportionality seems 
to exist for riboflavin even when the metabolic load is increased by exposing the rats 
to cold or to the action of thyroxine (13), These experiments (13) do not favour the hypo- 
thesis that thyroxine should overtly affect the phosphorylation of riboflavin. Neverthe- 
less, the possibility cannot be ignored that there may have been an increase of FAD or 
of riboflavin-5’-phosphate in the milk when thyroxine was given, but that as soon as the 
milk was secreted these substances were attacked by the enzyme system found, after the 
present investigation was finished, by Manson & Modi(l2). This system does not affect 
the protein-bound riboflavin occurring (3,12) in cow’s milk but rapidly sets free riboflavin 
from either FAD or riboflavin-5’-phosphate when these are added to the milk. 

As in the work of Folley & Kay (9) and Chanda & Owen(i0), alkaline phosphatase 
increased as lactation progressed in the control animals, and this increase was replaced 
by a marked decrease during the first week of thyroxine treatment. Chanda & Owen (11) 
observed high positive correlations between phosphatase and free thiamine in the milk, 
and a negative correlation between protein-bound thiamine and phosphatase. Chanda (15) 
showed that these correlations were still evident in the milk of cows in which some but not 
all of the quarters were infected with mastitis and for which large changes in phosphatase 
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were observed. The cows used in the present work showed large variations of phos- 
phatase throughout the experiment. It would have been expected therefore that any 
changes in bound riboflavin, had they occurred, would have been inversely related to 
phosphatase in both treated and control cows. In spite of these changes in phosphatase, 
there was no evidence in either treated or control cows of accompanying changes in the 
proportion of riboflavin which was protein-bound. 


SUMMARY 


1. The partition of riboflavin between the free and the protein-bound forms was 
measured in the milk of six Ayrshire cows, three of which were treated with L-thyroxine. 

2. As lactation progressed there was a slow decline in the total riboflavin content of the 
milk for which the initial values were 0-86 to 1-09 g./ml. milk. The rate of decline ranged 
from 0-01 to 0-003 ug./ml. milk per day. 

3. Thyroxine had its expected effects in stimulating milk yield and heart rate, and in 
preventing the rise of phosphatase in the milk as lactation progressed, but it did not 
affect either the concentration or the partition of riboflavin. 

4. Reasons are advanced for the marked contrast between the effect of thyroxine in 
increasing the phosphorylation of thiamine and the absence of any such effect on 
riboflavin. 


We thank Miss 8. McLauchlan and Miss M. Lightbody for technical assistance, and 
Glaxo Laboratories Ltd., Greenford, Middlesex, for a gift of L-thyroxine. 
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TO COMPARE THE OXYGEN PERMEABILITIES 
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(Received 15 June 1959) 
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The principal requirement for a film used to enclose rindless or packaged cheese is that 
its permeability to oxygen should be low enough to prevent growth of mould on the cheese. 
When cheese is to be fully matured in a film, there is the further requirement that the 
amount of oxygen passing through the film over a long period should be too small to 
allow fat oxidation to occur. 

Some films which give reasonably good control of mould do not prevent surface oxida- 
tion. Whitehead, Robertson & Harkness (1958) have reported the presence of a thin film 
of tallowy-tasting cheese on mould-free surfaces of rindless cheeses which had been held 
for 12-13 months and which were internally quite free from the tallowy defect. The present 
author has observed that in a rindless cheese, matured in a similar film (no. 1, Table 1) 
for 11 months, fat from surface scrapings had a considerably higher peroxide value than 
fat from the interior of the cheese. 

The concentration of oxygen under the film (neglecting the amount enclosed initially) 
depends on the permeability of the film and on the rate at which oxygen can diffuse into 
the cheese and be taken up by reducing systems there. Accurate figures for oxygen 
permeability are available for only a few of the wide range of films on the market and 
there is little information on the oxygen uptake of cheese while maturing. The selection 
of suitable films can therefore be made only by practical trials involving lengthy storage. 

An indicator showing the redox potential at the surface of wrapped cheese might be 
expected to provide a means of distinguishing quickly between those films which exclude 
oxygen to such an extent that reducing conditions persist at the cheese surface and those 
which are so permeable that the cheese surface is exposed to oxidizing influences. 

After trials of a number of indicators, methylene blue was selected as being the most 
suitable. 


METHODS 


To economize on cheese and storage space, most of the experiments were made with 
vacuum-packed slices of cheese. A limited number of wrapped blocks was also used to 
confirm the applicability to complete rindless cheeses of the results from slices. 
Vacuum-packed slices. Sheets of the films to be tested were formed, by heat-sealing, 
into pouches of convenient size (6x 3 in.). A number of slices (3-2 x 2-2 x 0-3 in.) were 
cut from one block of cheese. The slices were dipped into 0-25° aqueous methylene-blue 
solution, drained and air-dried for 30 min. They were then placed singly in the pouches, 
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which were then evacuated and sealed. The extent of bleaching of the methylene blue 
was observed at intervals. 

With foil laminates, it was necessary to remove the film to inspect the cheese. Observa- 
tions had to be made quickly since reduced methylene blue was re-oxidized to the coloured 
form after a few minutes’ exposure to the atmosphere. 

Rindless blocks. A 20 lb. square cheese was cut after removal from the hoop into two 
10 lb. blocks. A 0-25°% aqueous solution of methylene blue was brushed over the surface 
of the blocks so as to give a fairly uniform colouring. Each block was then wrapped in 
one of the films to be compared and was further treated in the manner appropriate to 
the film (e.g. pressed, scalded and packed in a carton). The reduction of the dye during 
storage was observed as with the pouches. 


RESULTS 


Vacuum-packed slices. With films of low oxygen permeability, bleaching of the dye 
commenced within 2 or 3 days and was complete within 2 weeks. The blue colour did not 
reappear during a storage period of several months. With other films, little or no bleaching 

ook place. Evidently oxygen passed through the latter films more rapidly than it could 
be taken up by the cheese. 

In Pl. 1 (1, 2, 4, 5) are shown four pairs of vacuum-packed slices, each pair enclosed in 
a different film. The slices had been cut from 3 weeks’ old cheese and, after packing, had 
been stored at 55° F. for 14 days. With film 1 (2-ply MSAT cellophane, wax-coated) there 
was little or no bleaching of the methylene blue. With film 2 (MSAT cellophane 
laminated to MXXT cellophane, wax-coated) the dye was bleached over most of the 
surface. With film 4 (MSAT cellophane—polythene) there was partial bleaching while 
with film 5 (MXXT cellophane-polythene) the dye was completely reduced over the 
whole surface except at the edges where some traces of blue remained. 


Table 1. Classification of films on basis of methylene-blue reduction at 
surface of cheese under the film 


Ref. Film Commercial Oxygen 
no. components brands exclusion 
Cellophane—wax 1 MSAT, MSAT, wax Pukkafilm Poor 
Paraform A (CCW 126) Poor 
2 MSAT, MXXT, wax  Pukkafilm A Good 
Paraform X (CCW132) Good 
3 MSAT, foil, wax Paraform CCW 125 Excellent 
Cellophane—polythene 4 MSAT, polythene Polycel 3 M15 Fair 
5 MXXT, polythene Polycel 4 X20 Excellent 


During storage for 6 months (1) remained almost entirely blue, (2) and (4) showed a 
slight increase in extent of bleaching, while in (5) the last traces of blue disappeared. 

Slices of 6-month-old cheese treated in the same way showed very similar results. 

With slices of the same two lots of cheese, stored at 35° F. instead of 55° F., the dye 
was reduced a little more slowly but the same differences between films were found. 

A number of other English and Australian films were examined by the same method. 
Details of the films and of their ability to exclude oxygen, as indicated-by methylene 
blue reduction, are given in Table 1. Foil laminates (3), as would be expected, gave 
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evidence of a very low oxygen permeability. MXXT cellophane—polythene (5) proved 
almost equally effective. 

Rindless blocks. The dye reduction was very similar in rate and extent to that found 
with dyed slices of cheese in vacuum-packed pouches of the same films. 

In Pl 1 (A, B) are shown two 10 lb. blocks which had been wrapped in different films 
and stored for 14 days at 55° F. With block A (Film 1) very little of the dye had been 
reduced while on block B (Film 2) almost complete bleaching had taken place. During 
storage for 6 months a slight further reduction occurred but the surface of block A still 
remained almost entirely blue. 

Results with other wrapped blocks were also in accord with those with slices vacuum- 
packed in the same films. 

DISCUSSION AND CONCLUSIONS 


Defective sealing or wrapping could lead to erroneous conclusions on oxygen transmission 
through films. With films of low permeability, however, any leakage points or air pockets 
are made obvious. The method could, in fact, be used to investigate wrapping or packing 
techniques. 

With the vacuum-packed slices in the present experiments there was evidence of some 
residual air round the edges of the slices, but no indication of leakage with any of the 
pouches. Replicate samples gave reproducible results. Blocks wrapped in films of low 
permeability showed uniform bleaching over the whole surface. 

Films (e.g. types 3 and 5) which permit a reducing potential to be maintained at the 
surface of wrapped cheese should effectively prevent development of oxidation defects 
during storage. More permeable films (e.g. type 1) which admit so much oxygen that 
methylene blue is not reduced, may allow development of tallowy surface flavours and 
will also give less positive protection against mould growth. These conclusions are sup- 
ported by the results of oxidation tests on packaged cheese. Details of this work will be 
given in a subsequent paper. 

SUMMARY 


Slices and blocks of cheese were coloured with aqueous methylene blue solution and 
vacuum-packed or wrapped in the films to be compared. The extent of bleaching of the 
dye after 14 days gave a good indication of the extent to which oxygen was excluded by 
the film. Similar results were obtained with vacuum-packed slices and with wrapped 
rindless cheeses. 

With polythene-coated and wax-coated MSAT cellophane films there was little or no 
reduction of methylene blue on the cheese surface. Similar films, including a lamination 
of foil or MX XT cellophane, allowed complete or almost complete bleaching. 
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EXPLANATION OF PLATE 1 


Extent of bleaching of methylene blue on the surfaces of cheese wrapped in different films. 
Duplicate slices of cheese enclosed in vacuum-sealed pouches of: 1. Paraform A; 2. Paraform X; 4. Polycel 
3 M15; 5. Polycel 4 X 20. 10 lb. rindless cheeses wrapped in: A. Paraform A; B. Paraform X. 


